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NEW FORAGE CROPS FOR PALESTINE 


S. HURVITZ 
(Agricultural Research Station, Rehovot, Palestine) 


With Plates 1, 2 


UNTIL recently, alfalfa, clover, maize, and stock-beet were the principal 
irrigated forage crops of Palestine. Of these, however, Alexandrian 
clover, in winter, and maize, in summer, alone are widespread. Alfalfa, 
a perennial, is difficult to fit into a rotation of annuals; moreover, its 
water-requirement is. very high and it seems to thrive only on fertile 
soil that allows of rapid percolation. In Palestine its only zone of 
natural growth is, therefore, the Jordan Valley. Stock-beet also yields 
well, but is difficult to store and can be used only in season. Clover and 
maize grown in succession within the same year thus form the backbone 
of the forage-crop rotation. 

The continued use of a biennial-clover rotation has led to soil im- 
poverishment and declines in yield. It has been found necessary to 
diversify this cropping system by introducing unirrigated crops and even 
vegetables. ‘The conversion of a biennial rotation into a triennial one 
by this means brings a significant improvement. Unfortunately, the 
introduction of unirrigated crops into an irrigated cropping sy stem is 
not always possible. Such introduction entails the laying out of forage 
fields at great distances from the barn, increases the cost of irrigation- 
equipment, and thus in the final analysis significantly raises production 
costs. ‘The difficulties in the way of such introduction are particularly 
great in intensive settlement on restricted land areas. 

The existing situation in the forage-growing branch is not one which 
permits of a uniform output of green forage throughout the year at a 
cost and a volume compatible with the requirements of the barn. ‘This 
inadequacy is the result on the one hand of a shortage of land and water, 
and on the other hand of a shortage of suitable kinds of forage. The 
need of new forages is particularly acute in areas of light soil. In these, 
stock-beet is quite unsuitable, and clover and maize, though they con- 
sume much water, give but a poor yield. 

The practical acclimatization of new forage crops has necessarily to 
be preceded by a systematic study of the varieties proposed to be intro- 
duced over a period of several years. The introductory work reported 
below was begun by the Division of Agronomy and Seed-breeding in 
the spring of 1934, and is still under way. In every case the Mae 
trials were conducted with reference to the following criteria: (1) high 
productivity; (2) suitable chemical composition; (3) low water-con- 
sumption per unit yield; (4) compatibility with crop-rotation; (5) 
adaptation to soil conditions; and (6) economic seed-production. 

Winter Crops' 
The winter green-forage crops whose introduction into the irrigated 
! The winter season in Palestine is a rainy season and extends from November to 


March; the summer season is dry and lasts from April to October. 
3988.29 
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rotation appears to be justified are: horse-bean, Lathyrus ochrus, field- 
pea, sweet lupin, and Vicia fulgens. 

(a) Horse-bean.—This crop is not new to Palestine, and is grown on 
heavy soils here as elsewhere for green manure and for kernels. In some 
countries horse-bean is also occasionally used for silage, but its use as 
green forage is almost unknown. Experiments in this direction were 
begun by us in 1936 and have made good progress. Last year it was 
possible to grow green horse-bean on an economic basis with good 
results in several settlements. 

The yield of this crop is 3-4 tons per dunam.' Its water-requirement 
is low and, given a correct seeding time, may even be fully met by the 
rainfall. ‘The labour- requirement too is low. The growth-season is the 
same as that of Alexandrian clover; and the nutrient value is somewhat 
higher than that of clover. The best sowing-time for horse-beans has 
been found to be from mid-September to mid-November. Later sowings 
give doubtful results. The proper sowing-rate, using small bean seed, 
is 18-20 kg. per dunam. Experiments have shown the superiority of the 
local over all other varieties tried. 

(6) Lathyrus ochrus.—This plant, also known as the Cyprus vetch, 
occurs wild in Palestine. Its general geographical distribution appears 
to be very restricted, and apparently it has not won previous mention 
in the literature. Our experiments with it were started in 1937 with 
seed imported from Cyprus; the results obtained so far are good and 
justify the unqualified recommendation of ochrus for introduction into 
agricultural practice. 

L. ochrus attains a height of 150 cm. Its leaves are narrow. The 
plants tend to lodge. ‘The roughage has a somewhat bitter taste but is 
readily eaten by cattle. The proper time to sow ochrus is October- 
November, but December sowings may be successful. On heavy soil 
it yields, per dunam, 4-5 tons; on light soil 3-4 tons were obtained. 
Experiments on a local variety, L. sativus, have so far given negative 
results. 

(c) Field-pea.—Varietal trials on numerous varieties of Pisum arvense 
and P. sativum are still under way but point to Dun and Canadian Field 
Pea as probable winners. Pelushke, a third probable candidate, has a 
somewhat lower productivity but is important by virtue of its capacity 
to survive up to mid-April, one of the most difficult months of the year 
from the standpoint of green-forage production. 

Like ochrus, the field-pea tends to lodge; and it succeeds on both light 
and heavy soil. 

(d) Sweet lupin.—A sweet lupin variety, Lupinus luteus, originally bred 
in Germany and Russia, has been tried by us with promising results. 
The bitter lupin commonly found in Palestine is Lupinus termis. 

Lupin is best suited to light soils and on these we have obtained a 
yield of 5 tons per dunam. It should be noted, however, that the dry- 
matter content of the green lupin forage, as of other forages grown in 
Palestine under irrigation, is relatively low. The cultivation of sweet 
lupin in Palestine is hampered by difficulties in seed-production. Im- 
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ported seed contains 10-15 per cent. of bitter-lupin seeds, and therefore 
careful supervision of seed quality is essential. Under local conditions 
ripening occurs in ‘hamsin’ weather and the cracking of pods constitutes 
a significant loss. In countries other than Palestine ripening of the pod 
normally occurs in low-temperature conditions and the seed has to be 
stored in winter months only; in Palestine the seeds must be harvested 
in May and sown in October. During the period of summer storage the 
seed-coats tend to harden excessively. 

(e) Vicia fulgens —Vetch is widely grown in Palestine as an unirrigated 
crop but suffers from several defects: (1) It lacks a suitable partner for 
admixture: combinations which give excellent results one year may be 
an utter failure in the next. (2) Its blossoming-period, which is also the 
harvest time, falls in the rainy season and if the cut vetch is moistened 
by rain it must be turned over, an operation that entails extra labour and 
leads to loss of leafage by shedding. Vicia atropurpurea and V. fulgens 
are two varieties which appear to meet these defects. Unfortunately, 
however, no method of producing seed from them has yet been worked 
out. They produce blossom abundantly, but for some reason as yet 
unknown (possibly the ‘hamsin’ weather, or scarcity of suitable pollina- 
ting insects) the fertilization of the blossoms is poor. 

It will be noted that all the winter forages now available for economic 
introduction are legume crops. Their diversification with graminaceous 
and other kinds of forage is the primary task awaiting investigation. 
Crops of some promise for this purpose are prairie grass (Bromus unio- 
loides) and Wimmera rye-grass (Lolium subulatum). 


Summer Crops 

The summer green-forage crops whose introduction into the irrigated 
crop-rotation appears to be justified are: cow-pea, Eragrostis abyssinica 
(teff grass), sunflower, and Pencillaria. 

(a) Cow-pea.—Experiments on cow-pea were begun in 1934. Since 
that time it has won an important place dor itself in Palestine’s agriculture 
and is being sown on an ever-increasing area. This crop is our only 
summer legume of versatile adaptability to different soils. 

Varietal experiments on cow-pea have indicated the superiority under 
local conditions of Whip-poor-will and Brabham in the first line, and 
of New Era and White Wonder in the second. 

Cow-pea is very susceptible to cold and may be sown with reasonable 
prospect of success only from the beginning of May to mid-August. A 
further obstacle to successful production is the great susceptibility of 
this crop to weeds. To avoid stifling by weeds, fields sown to cow-peas 
should be kept as clean as possible, and when necessary irrigated and 
ploughed under after weeds have germinated before the crop is sown. 
The life-period of cow-pea lasts g-10 weeks and is longer than that of 
other summer plants. The water-requirement is somewhat high, from 
250 to 400 cu. m. per dunam, depending on the irrigation-method, soil 
type, climatic conditions, and sowing-time. Frequent irrigations with 
comparatively small quantities of water appear to be best. 

(6) Teff grass (Eragrostis abyssinica).—Teff was introduced into 
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Palestine from South Africa in 1935. It has a high nutrient value and 
contains over 30 per cent. of dry matter. The yield is 4-5 or more tons 
er dunam, and 4—6 cuts may be taken. Growth is rapid and vigorous. 
Veed-competition is easily overcome. Teff is adapted to various soil 
types and can be grown on light as well as on heavy soils. 

(c) Sunflower.—Though the stem of the sunflower plant is hard and 
of coarse texture, cattle which have been accustomed to this feed con- 
sume sunflower forage quite readily. The experiments on sunflower 
cultivation as green forage are still in the preliminary stage. Sunflower 
is most susceptible to water-shortage. It can be sown in all months of 
the summer, but economic considerations will probably restrict its 
sowing to February and March, when the necessity for irrigation-water 
is minimal. The possibility of sowing at an early date gives sunflower 
an advantage and is an important aid in balancing the summer green- 
forage budget. The yield of sunflower is high, reaching 4-6 tons per 
dunam; the nutrient value is similar to that of maize. 

(d) Pencillaria.—Pennisetum glaucum grows to a height of 2 m. and 
more. Its stem is upright and its leafage abundant. Several cuts may 
be obtained. This crop appears to be suited also for cultivation as 
artificial pasture. 

(e) ‘Wonder Forage’ was introduced into Palestine from California, 
and is still in the first stage of experimental trial. The growth here 
reaches a height of 2 m. Its use as an artificial pasture has produced 
promising results. 


Cultivated Crops 

Among the hoed fodder crops special attention has been paid to 
pumpkin and Jerusalem artichoke. 

(a) Pumpkin has a double role to play on the irrigated dairy farm: it 
is both a good source of succulent feed when production or transporta- 
tion of green forage is difficult, and as a cultivated crop it can be used 
to improve the crop rotation. ‘The cultivation of pumpkin as unirrigated 
crop has long been known in Palestine, but in recent years the area under 
cultivation has been increasingly restricted. 

Pumpkin can fulfil its allotted task in the irrigated farm only if it can 
be stored successfully. In experiments testing the yield-rate and keeping 
capacity of different varieties, Triamble, an Australian pumpkin, gave 
the best results. This variety gives slightly lower yields than the local 
pumpkin, 192 kg. of dry matter per dunam, as against 218 kg. obtained 
with the local pumpkin, but is by far the superior of the local variety in 
keeping quality. 

(b) Jerusalem artichoke-—The use of this artichoke directly as a cow 
feed encounters several difficulties. The harvested tubers wilt rapidly 
and must be used very soon after picking, if at all. On the other hand, 
if the tubers are allowed to remain in the field, the loss by decay under 
Palestine conditions is very considerable. This circumstance also 
hampers seed-production and storage. Possibly, excessive irrigation is 
at the root of the difficulty. The use of small quantities of water is not, 
however, practicable, since Jerusalem artichoke, despite a reputation to 
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the contrary, is not, in Palestine conditions, distinguished by a high 
resistance to drought. Among different varieties tested, the highest 
yield was recorded with White Improved. 

Ensilage experiments on tubers of Jerusalem artichoke by the 
Chemistry Division of the Station have given promising results. 


Pasture Crops 

Trials of different pasture crops were conducted with particular 
reference to productivity, nutrient value, palatability, uniformity of 
stand, ability to regenerate, resistance to trampling, and low water- 
requirement. The work so far has been mainly devoted to perennial 
crops. Among annual pasture crops, results of promise have been 
obtained with Sudan grass, ‘Wonder Forage’, and Pencillaria; among 
perennial pasture plants other than alfalfa, results of promise have been 
obtained with Rhodes grass, and paspalum. All the crops mentioned 
are summer plants. A combination of pasture crops, leguminous or 
other kinds, which would supply green cover uniformly throughout the 
year has not yet been found. 

The main basis of our present pasture-mixture is supplied by Rhodes 
grass and paspalum; Sudan grass is introduced into the mixture because 
it gives an early yield. A suitable legume partner for this pasture- 
mixture is being sought. Examination of an alternative pasture-mixture 
consisting of gramineae and alfalfa (Hairy Peruvian) is under way. 


Summary and Conclusions 

Introductory work’ by the Agronomy Division of the Agricultural 
Research Station, Rehovot, on green forage, pasturage, and cultivated 
fodder crops is briefly described. 

The crop plants discussed differ greatly in economic value. Among 
summer forages, cow-peas and teff are by far superior to the other new 
crops. Pencillaria, too, should prove highly valuable. By comparison, 
the economic worth of sunflower and pumpkin is limited. Among the 
winter forages, horse-bean, field-pea, sweet lupin, and ochrus give great 
promise. 

On the whole, it seems justifiable to conclude that the problem of an 
adequate supply of green forage for the mixed farm is on its way to a 
full solution. ‘The new crops mentioned enable our farmers to practise 
a rotation system which is compatible with the natural and economic 
requirements of their farms, requires comparatively little water, and yet 
provides a broad variety of forage for the dairy barn. 


(Received September 28, 1939) 








THE RELATION OF ENVIRONMENTAL CONDITIONS 
TO BREEDING AND SELECTION FOR COMMERCIAL 
TYPES IN PIGS: 


C. P. MCMEEKAN 
(Massey Agricultural College, University of New Zealand) 
AND 


JOHN HAMMOND 
(School of Agriculture, University of Cambridge) 


With Plates 3, 4 


Introduction.—The main differences between the various improved types 
of pigs, such as Lard pigs and Bacon pigs, consist of intensifications of 
different phases of the normal growth-changes in each. 

During growth certain parts and tissues, such as the head and bone, 
develop early, whilst others, such as the loin and fat, develop late. In 
the pig after birth growth-gradients run from the extremities (head, 
tail, legs) to meet at the loin, and in any one region of the body from 
bone to muscle and then to fatty tissues. 

The lard type of pig is characterized by poor development of those 
parts which grow early in life, such as the head, legs, skeletal and 
muscular framework, whilst the later-growing parts, such as the sub- 
cutaneous fat, are marked by intensive development. This type is 
represented by such breeds as the Mangalitza in Roumania and Hungary 
and the small chuffy type of Poland-China in the United States. 

The bacon type of pig is, on the other hand, characterized by an 
intensive development of those tissues, such as skeletal and muscular 
framework, which develop early, the later-growing tissues, such as the 
subcutaneous fat, being reduced to a minimum. This type is repre- 
sented by such breeds as the Large White in England and Sweden and 
the Landrace in Denmark. 

The commercial production of these two types takes place under quite 
different systems of farm management. The lard type, as it exists on 
the corn-belt of the U.S.A., or in the maize-growing areas of Roumania 
and Hungary, is but poorly fed in the early stages of life, but later it is 
subjected to intensive feeding on maize. The bacon type, on the other 
hand, as it exists in Denmark and Sweden, is made to grow well early 
in life by creep and milk feeding, whilst its rations are usually limited in 
the later stages of growth. 

In order to determine what part environment played in the production 
of these different types, experiments were made to find out how the 
structure and composition of any one strain of pigs could be changed 
by alterations in the shape of their growth-curves, such alterations being 
effected by changes in the plane of nutrition at different stages of growth. 

™ Read at the Seventh International Genetical Congress, Edinburgh, August 
23-30, 1939. 
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Methods.—An inbred line of pedigree Large White pigs was estab- 
lished—all derived from a brother and sister bred together—in order 
that the material used should be as genetically uniform as possible. All 
the pigs used in the experiment, some 8o in all, were the progeny of 
one ace. The individuals of each litter used were divided at birth into 
four groups which were made to follow four different predetermined 
growth-curves (Fig. 1) by controlling the amount of food consumed. 
The ration used was high in protein, minerals, and vitamins, and the 
two sexes—females and castrated males—were distributed evenly over 
the four groups. 

During the first period, up to 16 weeks old, each litter was divided 
into two groups, and pigs of the low-plane group during the suckling 
period were removed from the sow for 8 hours or more each day so as 
to limit their food-intake; those of the high-plane group were left con- 
tinuously with the sow and were creep-fed during this period. Weaning 
took place at 8 weeks old after which the high-plane group were fed 
ad lib, while the low-plane group were rationed so as to odin to the 
predetermined growth-curve. At 16 weeks old one pig from each group 
(6 pairs in all) was killed and completely dissected, all the organs, joints, 
tissues in the different joints, and individual bones being weighed. ‘The 
remaining pigs of each of the high- and the low-plane groups were then 
divided into two, half being continued on the same plane of nutrition 
as before (High-High and Low-Low groups), and the other half being 
changed over, so that some pigs which had been on a low plane of 
nutrition up to 16 weeks were now made to grow as fast as possible 
(Low-High group). Corresponding individuals of the high-plane group 
were untae in their food-intake by individual feeding (High-Low 
group) so that they reached 200 Ib. live-weight on the same day as their 
litter mates of the Low-High group. Each of these four groups of pigs 
were slaughtered when they reached 200 Ib. live-weight and‘were com- 
pletely dissected.! 

Results.—Attention here will be focused only on the High-Low and 
Low-High groups, which were killed at exactly the same age and at 
exactly the same live-weight (200 lb.), but differed only in the shapes 
of their growth-curves, for these two groups represent the bacon type 
and the lard type respectively. 

By feeding on a high plane in early life (up to 16 weeks old) the parts 
and tissues of the body which have their maximum growth-rate at this 
time of life, such as the skeletal framework and muscular development, 
are pushed up to the maximum limits of their genetic capabilities for 
development. When such animals are afterwards put on a low plane of 
nutrition (High-Low group) the development of the tissues of the body, 
such as the fat, which have their maximum rate of growth late in life 
is inhibited, and a rangy (Fig. 2 H-L, No. 85) muscular pig with but 
little fat (Fig. 3 H-L, No. 85)—the bacon type—is produced. 

By feeding on a low plane in early life (up to 16 weeks old) the parts 
and tissues of the body, such as the head, legs, skeletal framework, and 

™ C. P. McMeekan, Growth and Development in the Bacon Pig, Thesis, Cambridge 
University, 1938. 
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Pigs of bacon weight (200 Ib.) grown at different rates 
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Fic. 


All photographs reproduced to the same shoulder-height so as to show the 


3 


For details of pigs, see Fig 


proportions in relation to height. 
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Fic. 3. Cut through the last rib of bacon pigs grown at different rates. All photographs 
reproduced to the same eye-muscle length 

83 HI-EL Quickly grown throughout; 168 days old 

Ss H-I. Quickly grown to 16 weeks, afterwards grown slowly ; 

afterwards grown quickly; 196 days 


196 days old. 
Sy LL-H Slowly grown to 16 weeks, old. 


gg L.-l. Slowly grown throughout; 315 days old 





, now 


Litter sisters, kept and fed under identical conditions after reac hing 200 Ib 
pregnant for the second time 


Fic. 4 


Grown to 200 Ib. on a High-Low (/eft) and Low-High (right) plane of nutrition 
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ENVIRONMENTAL CONDITIONS AND PIG-BREEDING 9 
muscular development, which have their maximum growth-rate at this 
time of life, are stunted. When such animals are put on a high plane 
of nutrition (Low-High group) the development of the tissues of the 
body, such as the fat, which have their maximum rate of growth late 
in life, are pushed to the maximum limits of their capabilities for 
development, whilst the earlier developing parts, such as the skeletal 
framework, do not increase much, for their daily rate of gain is very 
limited. ‘Thus a small-framed blocky pig (Fig. 2 L-H, No. 89) with 
large quantities of subcutaneous fat (Fig. 3 L i, No. 89)—the lard 
type—is produced. ‘There was no over: oui either in body-conforma- 
tion or in body-composition between the individuals of the two groups 
High-Low and Low-High—and what variation there was within each 
group could be accounted for by the variations in the shapes of the 
growth-curves. 

Only one such pair (High-Low and Low-High), both sows, have been 
carried through to maturity; these are now with their second litters. 
After reaching 200 Ib. they were kept and fed under identical conditions. 
They have still maintained their difference in type (Fig. 4), showing 
that the differences in environmental feeding conditions during the early 
growing-period have permanently affected the build and composition of 
the animal. 


Discussion 

‘These results appear to show the way in which the evolution of the 
different types of pigs has been brought about. By controlling the 
nutritional environment so as to develop the character in question 
(muscular development or subcutaneous fat) to its physiological limit, 
it is possible to make proper genetic selection. When the limitations 
imposed by the environment on the development of the character are 
removed, then the differences between individuals in respect to this 
character will be due to the genetic make-up of the animal, and proper 
selection can be made. ‘The way to improve our domestic animals for 
production, therefore, is to place them in the optimum environment 
for developing the character in question and select, preferably by means 
of the ‘progeny test’, those which show the development of the character 
in question to the fullest extent. In order to do this it will be appre- 
ciated how important it is to have a full knowledge of the physiological 
development of the character, so that the environmental limitations 
imposed upon its expression can be removed. 


Summary 


‘The bacon and the lard types of pig differ mainly in the intensification 
of the early skeletal and muscular phase of growth in the former and 
the intensification of the subcutaneous fatty phase of growth in the latter. 
These two types are produced commercially under quite different sys- 
tems of farm management. 

Within litters from the same inbred strain of Large White pigs, indi- 
viduals were made to grow according to growth-curves of predetermined 
shapes by controlling the plane of nutrition at different stages of growth. 
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Rapid early growth and slow later growth intensifies the early- 
developing tissues (skeletal framework and muscle), and inhibits the later- 
developing tissues (subcutaneous fat), thus producing the bacon type. 
Slow early growth and rapid later growth has exactly the opposite 
effect, and produces the lard type. 

By controlling the nutritional environment so as to develop the desired 
character (muscular development or subcutaneous fat) to its physio- 
logical limit, it is possible to make proper genetic selection. 

The way to improve our domestic animals for production is, there- 
fore, to place them in the optimum environment for developing the 
desired character, and to select, preferably by the progeny test, those 
which develop that character to the fullest extent. 


(Received September 30, 1939) 
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CATTLE-BREEDING IN TANGANYIKA TERRITORY AND 
SOME DEVELOPMENTAL PROBLEMS RELATING THERETO! 
M. H. FRENCH 
(Veterinary Laboratory, Mpwapwa, Tanganyika Territory) 

IN a previous article [1] it was stated that there are over five million 
native-owned cattle in ‘Tanganyika Territory, but that many more could 
be supported were it not for the limiting factors of disease, scarcity of 
surface-water, and seasonal shortages of food. It was also shown that, 
owing to the seasonal rainfall, the live-weights and condition of cattle 

vary considerably with the state of the grazings. 

Hornby [2] has pointed out that the native is capable of maintaining 
herds only ‘on land the vegetation of which is indicative of arid or sub- 
arid conditions’, because wetter and better grazing areas favour ticks, 
worms, biting flies, and other parasites against the ravages of which the 
native is helpless without veterinary aid. By concentrating stock on 
the more arid areas a state of overstocking results which, by making the 
environment unsuitable for these pests, reduces the number of deaths 
from these causes. On the other hand, such overstocking is followed by 
seasonal shortages of grazing which, in the worst areas, cause heavy 
mortality from starvation. ‘The native is puzzled when stock die without 
apparent cause; death from starvation he understands, and prefers to 
risk such losses by husbanding his cattle on overstocked arid areas rather 
than move them to other areas where parasitic agencies, of which he has 
no knowledge, may cause smaller iosses. 

When cattle have been bred for a long period and their breeding has 
not been controlled by man, the animals which become estahklished are 
the largest and most productive that the area can support. Where, as in 
this Territory, the conditions are hard and the cattle have to live on 
unimproved and eroded grazings that are grossly overstocked, and where 
the stock have to go days without water whilst searching for food under 
a scorching sun, and at the same time are exposed to a host of parasites, 
size and productivity cannot be expected to be large. The V eterinary 
Department has attempted to improve the cattle population, and this 
paper reviews the problems encountered. 


Improvement of Indigenous Cattle 

In Tanganyika there are two distinct types of indigenous cattle: 

The Sanga. ._—Epstein [3] suggested this name and considers that they 
originated from the crossing of the Hamitic Longhorn type in E gypt 
with the lateral-horned Zebu stock brought into Africa from Asia some- 
where near the close of the third millennium B.c. This type is found 
only in a small area of mountain grassland and forms but a small pro- 
portion of the total population. It is the larger of the two types, has 


" Read at the Seventh International Genetical Congress, Edinburgh, August 23-30, 
1939. 








12 M. H. FRENCH 
enormous horns, and only a small hump which is in a cervico-thoracic 
position. 

The Short-horned Zebu.—Epstein considers this type to have originated 
in Asia by a mixing of the Brachyceros type with the lateral-horned 
Zebu, anc to have been brought into Africa early in the Christian era. 
Unlike the $ sanga this beast has short horns and its hump is situated 
farther back over the thoracic vertebrae. ‘This type is by far the most 
common in ‘Tanganyika, and is the one considered in this paper. It has 
been described in detail in an earlier article [1]. In a large territory 
such as this, it is only to be expected that the great range of topographical, 
climatic, and vegetational conditions would lead to the evolution of 
distinct local varieties. It is easy, in fact, to differentiate local breeds 
according to size alone. McCall [4], with his much wider experience, 
recognized that animals of distinctive colour and conformation appeared 
in widely separated districts. He established four such herds which 
seemed to breed true to colour-type. 

‘The native cattle-owners are slowly changing their views on the value 
of their live stock. Numbers have been considered of greater impor- 
tance than quality, and progress in the genetical improvement of native 
cattle largely depends upon, and awaits educational advances in, the 
natives themselves. Nevertheless, no matter how badly the indigenous 
cattle compare with the specialized European breeds, they have com- 
pensating attributes. ‘Their genetical make-up is in harmony with their 
environment, and they accomplish what their owners want—they live 
and breed under very h hard conditions. ‘lo European ideas these animals 
need to be improved, and our ideas of improvement mean that they 
should be better fitted for the production of meat, milk, or work. 

In every district superior individual animals are found that are larger 
or give more milk than the average, but the natives do not attempt to 
fix these desirable characters. ‘lhe first efforts made by Europeans to 
improve the indigenous stock were to encourage the use of sires from 
the best cows, to castrate surplus bulls, and to rear the progeny of only 
the largest and best milking- -cows. ‘The results were not a striking suc- 
cess. As Crew [5] has said, “l'ype, habitat and destiny must always be 
harmoniously related, each reacts upon the others and any considerable 
modifications of any one of them must necessarily be followed by reper- 
cussions of equal magnitude among the rest’. ‘The larger or heavier 


milking-cow is only a superior animal if the environment is capable of 


allowing the inherited potentialities to find their full expression. Im- 
roving the size and economic value of a Zebu cow can only be a success 
if the hard conditions of existence are also improved. 


The first step in the improvement of local cattle must be that of 


encouraging the native to manage the grazings better, to reserve areas 
for use in the dry season, to limit stock numbers to the carrying capacity 
of the land, and to make him realize that one good milking-cow is better 
than several poor ones. Once the environment has been improved, 
selection of larger and more productive strains will be possible. 
McCall [6], after breeding selected Zebu types for ten years, stated 
that ‘In the first generation the calves in the majority of instances reveal 
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CATTLE-BREEDING IN TANGANYIKA 13 
more of the breed type of their ancestors than the outstanding physical 
excellence of their parents, so that after breeding a hundred good- 
framed selected cows to really good bulls, the progeny taken collectively 
are on the whole inferior to their sires and dams’. On the other hand, the 
success with breeding similar Zebu stock in Kenya, together with more 
recent work here, indicates that this work can be successful if proper 
attention is paid to the animals and their environment. Efforts are now 
being made to establish a better type of Zebu under somewhat improved 
conditions, but conditions which the native could easily create for him- 
self. 

Evidence is available that certain animals possess a genetical make-up 
which is superior to, though in harmony with, the hard conditions. If 
calves are taken at birth from their normal environment and well 
managed, it has been shown [7] that, despite the retardation and stunting 
to which their ancestors have been exposed over a long period, they still 
retain a higher potential growth-rate than that which finds expression 
under normal local conditions. When judged as beef animals, it seems 
that, with Zebus, all the breeding depends on the feeding. One is fre- 
quently impressed by outstanding os and yet, when for some reason 
these animals lose their condition, it is not possible to pick out any 
characters distinguishing them from any other thin Zebus. 

More recently the effects have been examined of mating together 
stunted cattle from the overstocked areas and rearing the offspring, from 
birth, under a better set of conditions. ‘The progeny develop into 
larger animals than their parents, and the size attained depends on the 
plane of nutrition. Never, of course, will the rate of growth equal that 
of the more early maturing pure-bred and grade European cattle, but 
the time taken to reach mature weight can be reduced by half. 

Once the grazings have been improved and the native has been 
educated to appreciate good stock, great improvements can be effected 
in the local Zebu animals. Not only can the economic value be enhanced, 
but the Zebus possess those hidden attributes of drought-resistance, 
tolerance or resistance to many tick-borne diseases, and ability to with- 
stand high temperatures, which fit them so well to our hard conditions. 
Although selection and breeding from the indigenous type is a slow 
business, in the end it is expected to prove of far greater value to the 
live-stock industry of this ‘Territory than any system of breeding-up to 
a European type. For the native the grading-up to a European sire is 
not recommended. ‘The environment is too hard, and it is better for a 
native to have a small Zebu snatching its livelihood from the arid bush 
than a grade cow in the last stages of starvation and even dying through 
mismanagement. 

Zebu cows are known that yield over a gallon of milk a day without 
supplementary feeding, and such animals must prove more economical 
to the native than high-grade animals needing large amounts of extra 
feeding to keep them alive. Improvement of the environment is all that 
is holding up the breeding of a good type of Zebu animal, and one that 
will not produce the problems that have arisen during our efforts to 
grade-up with a European sire. 
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Efforts to improve the Indigenous Zebu by Crossing with 
Bulls of Other Breeds 


Because Zebus are such poor animals for the purposes of economic 
production it was only natural that attempts should have been made to 
secure quick results by crossing Zebu cows with bulls that might intro- 
duce the desired hereditary factors into the offspring. To improve the 
Zebus from the native point of view they have been crossed with 
Afrikander and Krishna Valley bulls, whilst from the European point 
of view Shorthorn, Friesian, and Ayrshire bulls have been used. 

Afrikander Crosses.—These were tried early in the last decade but for 
some reason failed badly. Using three imported bulls, stock were bred 
that were very little superior to the indigenous ty but one cannot 
yet generalize and state that the Abdhanier xiao cross is without 
question undesirable. 

Krishna Valley Crosses.—To preserve intact all the Zebus’ advantages 
and yet to increase their size, it was decided to cross them with a larger 
Zebu type from India, the Krishna V alley breed. The ‘result has been 
complete failure. Certainly constitution was retained, but the legginess, 
flat-sided appearance, and especially the wild intractable nature of the 
Krishna Valley persisted, so that the crossbred was totally unsuitable. 

Shorthorn Crosses.—Most of the original Shorthorn x Zebu crosses 
have disappeared from the Government herds. In general they were 
large, deep-chested, full-barrelled animals with well-sprung ribe and 
good quarters. ‘To-day there exist in certain parts grade Shorthorn 
animals that do not normally show the constitutional failure to be 
described below, though a few high-grade Shorthorns rather lacking in 
constitution are to be observed. In those districts where the Ayrshire 
grading has been carried to a fairly high level, the undesirable con- 
formation is less marked in a few herds that possess a small amount of 
Shorthorn blood than in those which are entirely of Ayrshire x Zebu 
breeding. Although this may be only a coincidence, it does appear to 
be true that a small amount of Shorthorn blood improves the general 
conformation and constitution of grade cattle in this Territory. 

Friesian Crosses.—Of all the breeding experiments undertaken in 
Tanganyika, those with Friesian bulls have proved the most satisfactory. 
The policy has been to introduce at intervals a new pure-bred bull to 
avoid any dangers of inbreeding. The F, generation is now coming into 
milk and under observation, but as shown elsewhere [8], although the 
half-grade animals are a marked improvement on their Zebu mothers in 
size, conformation, and milk yield, the higher-grade animals are not 
correspondingly better than the half-grades. Milk yields increase as the 
higher animals are graded to the Friesian, but the difference between 
}-grade and 4§-grade Friesians is very small. Also the higher graded 
the animals are, the poorer does their milk become in fat and solids-not- 
fat, and many animals give milk with less than the legal minimum of 
non-fatty solids. With higher grading the size of the body increases up 
to the ?-grade stage, but beyond it some animals begin to lose consti- 
tution and appear leggy, slightly tucked-up with poorly sprung ribs, 
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scraggy necks, diminished heart-girth, and depth of chest. In the j-grades 
a certain proportion of the stock shows this degenerative tendency, often 
along with a hairy coat, a greatly reduced rate of growth and delayed 
maturity, but the numbers increase in each successive stage of upward 
crossing. This constitutional failure, though very pronounced in the 
higher grades, does not make its appearance so early in the Friesian 
cross-breds as in the Ayrshire grades. 

A small number of F, generation Friesian x Zebu crosses have been 
mated together, but the results have not been very successful, because 
the great diversity of type among the progeny, and the small numbers 
employed, prevented the selection of suitable types for subsequent in- 
breeding. 

These results have been obtained on the coast in conditions of adequate 
feeding with rations designed on modern standards. It may be accepted 
that the failure was not the result of an unfavourable nutritional environ- 
ment, but of other factors. In grade Friesian x Zebu stock, belonging 
to settlers, running under ranching conditions with less attention paid 
to their feeding, the constitutional breakdown and the retrogression 
have set in at an earlier stage in the grading-up process. The same 
degenerative symptoms are often observed along with additional signs 
of weakness, e.g. knocking hocks and the weary trailing of dejected 
looking animals behind the main herd. Also the degree of hairiness is 
much more marked in these up-country settler stock than in the Govern- 
ment herd. 

Ayrshire Crosses.—Breeding-up to the Ayrshire was considered more 
promising than breeding-up to the Friesian, because the smaller size 
and reputed hardiness of the Ayrshire were considered better suited to 
the conditions in the Territory; actually it has proved less successful. 
The breeding policy has been the same and the herd has been just as 
carefully fed and managed, but whereas the Friesians stayed in the 
moist coastal heat, the Ayrshires were moved to a cooler and drier area 
at 3,500 ft. altitude. ‘The constitutional breakdown appears at an earlier 
stage in the grading-up process than with the Friesian crosses. ‘The 
half-grade Ayrshires are an improvement on the Zebu in almost every 
respect, but a high proportion of the three-quarter grades become leggy, 
tucked-up, flat-sided, light in the chest and barrel, weak-legged, pot- 
bellied, and often have a coat of long hair. With higher grading to the 
Ayrshire this unhealthy condition is encountered more regularly. A few 
pure-bred Ayrshires have been reared under conditions of feeding as 
comparable as possible with British methods, but they have always 
failed to ‘grow out’ properly; in fact, they usually die before they are 
two years old, and only one heifer has lived long enough to have a calf, 
but both she and her calf died shortly after calving. These high-grade 
and pure-bred calves do well until they reach 6-8 months, and up to 
this age the pure-bred calves here compare favourably with the progeny 
of the same breed in their original home; but after this short period of 
development they gradually decline into the unthrifty dejected creatures 
described above. 

When these high-grade calves come into milking it is found that many 
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have very tiny udders and yield very little milk. The average yields for 
these higher grades, though greater than for }-grades, do not come up to 
expectation, but unlike the Friesian crosses, high grading does not result 
in the milk becoming poorer in fat and non-fatty solids. However, since 
the grade Friesian and Ayrshire cows have been bred from the same 
types of native cows, and since the management has been very similar, 
the mere act of grading-up cannot account for the poor quality of the 
grade Friesian milk, and it is more probably due to some factor intro- 
duced by one of the Friesian bulls. 

When high-grade Ayrshires are examined under less intensive con- 
ditions and where the nutrition has not been so carefully tended, this 
constitutional breakdown is more obvious, and there is also a more 
marked stunting, so that the size of the high-grades as well as their 
milking-capacities does not increase as they are graded nearer to the 
Ayrshire. 


Factors affecting Development of Grade Cattle 


The tendency of pure-bred animals to degenerate when taken to the 
tropics is well known, and experience in other countries, e.g. India [9], 
Jamaica [10], Philippine Islands [11], and Brazil [12], is now indicating 
that grade calves which contain too high an admixture of European 
blood in their ancestry develop into inferior types. It is therefore not 
surprising to find that high-grade stock in ‘Tanganyika are not only 
falling short of the type desired, but are also less able to remain econo- 
mical and healthy than their unimproved maternal ancestors. By grading 
our genetically suited cattle with sires possessing inherited characteristics 
incapable of finding expression in an inferior environment, the vital 
balance is upset. It is in this failure to establish an equilibrium between 
genetic potentialities and environmental limitations that the reason for 
the degeneration of our high grades is found. 

Some work has also been done in attempting to find which factors in 
our climatic, nutritional, and biological environment limit the develop- 
ment of grade stock. In an earlier paper [13] it has been shown that, 
since the nutritional plane can be raised as high as the standard employed 
in Britain, the constitutional failure must be ascribed to factors other 
than nutritional; also that up to 26 weeks of age the live-weight of pure- 
bred calves corresponds closely with the weight of Ayrshires recorded 
by Eckles [14] in America, but that from that point the live-weight curve 
of the locally reared pure-breds lags more and more behind the normal. 
With }-grade calves the live-weight curve becomes retarded from the 
thirty-second week of age, but not so seriously as with the pure-breds. 

The figures for linear development show clearly that there is much 
less retardation in the high grades. At 1} years of age the pure-bred has 
a greater stature than the }?-grades, though the latter are usually the 
heavier. This difference in stature is greatest at about one year old and 
then gets less as the pure-breds lag behind. Carneiro and Rhoad [12] 
have reported similar figures for Friesians in Brazil, and the Tanganyika 
figures agree with theirs in demonstrating that the nutritional plane is 
not limiting growth. If long-haired, leggy, flat-sided, pure-breds with 
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CATTLE-BREEDING IN TANGANYIKA 17 
poorly developed bodies are compared with the more compact, sleek- 
coated, well-proportioned #-grades under identical conditions of feeding 
and management, the rates of increase may be the same for live-weight, 
length, and height, yet the pure-bred never loses its unthrifty appearance 
and does not make the same gains in girth of heart and paunch. This 
retardation in the development of the barrel may be taken as a measure 
of the constitutional failure in high-grades, because the trunk-size re- 
flects the size of the essential body-organs. If these are proportionally 
underdeveloped they are subjected to greater strains, and the animal is 
less fitted to survive in our unfavourable environment. 

A leggy appearance in calves after weaning is a normal phase of de- 
velopment, during which the skeleton is growing faster than the tissues, 
but the thin unthrifty appearance which persists in our high-grade 
calves is very abnormal and other factors retarding development have to 
be considered. The long hair of the coat is the first. The hair of the 
Zebu is short but that of the Ayrshire is much longer, and so the higher- 
graded an animal is the greater will be the hereditary tendency to long 
hair. Actually we find that the length of the hair on grade stock varies 
considerably. In the half-breds very few animals have long hairy coats, 
but the percentage increases rapidly with each subsequent top cross 
until in the }%-grade Ayrshires an abnormally long coat is charac- 
teristic. In the }-grades some animals have hair but slightly longer than 
the Zebus’ and its rate of growth is approximately the same, but other 
animals have very long hairs and the rate of growth of these hairs after 
clipping is 1} times as great as for the Zebu. Further, whilst the long 
hair in certain individuals may be lost after 2 years of age, the long coats 
persist in other animals, particularly the higher grades. Although 
hereditary characters will tend towards longer hair in the higher grades, 
they do not account for the abnormally long hair encountered, and 
whereas the lengthening of the hair, as a result of unfavourable in- 
fluences, is of protective value against the cold of the Ayrshire’s native 
home, this same lengthening under tropical conditions still further em- 
barrasses the animal. 

Long hair per se cannot be considered the cause of the unthriftiness 
and retarded growth, because, in spite of long hairy coats and ultimate 
constitutional breakdown, pure-breds can achieve a fair measure of live- 
weight and linear growth. Also clipping the hair from a badly stunted 
animal is not followed by recovery and increased rate of growth. 

Once a coat of long hair has developed it acts unfavourably because 
it reduces the rate of heat-loss from the skin, since long hair entraps 
a layer of air which, acting as an insulating medium, prevents the free 
exchange of heat between the skin and the surrounding air. Since cattle 
have very little ability to perspire, any factor reducing heat elimination 
from the skin must throw a greater amount of work on to the respiratory 
system to get rid of the extra heat in the form of water vapour. 

Pure-bred and high-grade animals feel the effect of the sun much 
more quickly than do Zebus, and in a mixed herd the Zebus are seen to 
continue to graze in the sun long after the grades have sought the shelter 


of a shady tree. Once in the shade, these grades do not lie down and 
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rest, but remain standing to get the maximum rate of surface-cooling, 
and at the same time they use up large quantities of energy, panting at a 
fast rate, often with their mouths open and froth dripping from their 
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It has been shown by Kleiber and Regan [15] that the respiratory 
frequency in cows increases with higher environmental temperatures. 
Rhoad [16] observed that this increase is greater for pure-bred and grade 
Friesians than for Zebus, and Fig. 1 confirms this observation for Ayr- 
shire grades in ‘Tanganyika at an altitude of 3,500 ft., in air of low 
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The Figure shows that the two local breeds (the Zebu and Sanga) are 
comparatively little influenced by rises of temperature, but that the 
higher the Zebu is graded to the Ayrshire the greater is the influence of 
temperature on respiratory rates. As Rhoad [16] points out, the marked 
increase in respiratory rate indicates an increased metabolism accom- 
panied by a considerable loss of energy through the greatly increased 
muscular activity and the increased circulatory rate of the blood. The 
energy expended in physical regulation and increased metabolism at the 
higher air-temperatures is energy that at more comfortable temperatures 
would be used for productive purposes. ‘The increased metabolic rate 
indicates interference with the heat-regulatory mechanism, and the body 
reactions are then beginning to behave as ordinary chemical reactions 
where velocity varies with temperature. When this happens there is a 
considerable unnecessary liberation of energy, chiefly in the form of 
heat, at a time when heat-dissipation is difficult. 

There are big individual differences between animals in their power 
of heat regulation, and some have lower respiratory rates than others at 
all temperatures. The presence of long hair is not necessary to cause 
high rates. 

The rectal temperatures of Zebu cattle are slightly below those of 
high-grade stock early in the morning, but this difference becomes much 
greater at midday. This is true of both Ayrshire and Friesian grades, 
but individuals vary considerably. 

Other factors are also concerned with the failure of high-grade stock 
to adapt themselves to our environment, but with one exception these 
have not been studied sufficiently to allow of more than tentative sug- 
gestions. Since the retardation of growth always becomes manifest at or 
soon after weaning, the causative factors are possibly in some way con- 
nected with the conditions imposed at that time. In a previous article [1] 
it is shown that the stomach capacity of grade cattle is greater than that 
of Zebus. Matson [17] has described the digestive system of the Zebu 
as ‘extractive’ and that of the European animal as ‘capacity’, and it is 
often suggested in the literature that the Zebu has a higher digestive 
power. As the figures in Table 1 indicate, this is not so, even when a 
wide variety of foodstuffs is examined. ‘These figures were obtained by 
comparing Zebu oxen with ?- and {-grade Ayrshires. 

High grades should therefore not be in a worse position for extracting 
nutriment from standard rations than the Zebu. In spite of this, how- 
ever, there is much evidence to suggest that the Zebu can thrive on 
foods which apparently cannot satisfy the maintenance requirements of 
European cattle. It is possible, of course, that the Zebu has either 
(a) higher powers of assimilating the digested nutrients, or (6) lower 
maintenance requirements, than European cattle of the same weight. 
These points are under investigation, as is also the question of the 
relative power of utilizing the mineral ingredients when present in small 
amounts. 

Just as certain individuals can adjust themselves to our conditions 
better than others, so also may there be breed differences. The Ayrshire 
is apparently less capable of adapting itself to our environment than 
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other breeds (such as the Friesian). Young high-grade calves of such 
breeds would be subject to a feeling of depression and lassitude, and so 
less inclined to fill themselves with the fodders available, especially in 
the heat of the day. Embarrassment of the heat-regulating mechanism 
and a feeling of depression may reduce the appetite at a time when 
skeletal growth is rapid, and the calves would then outgrow their 
strength. As a result of this possibly weaker condition, of poorer 
appetite, and of lower nutritional state, sub-lethal parasitic infections, 


PABLE 1. Digestibility Coeffictents of Zebu and Grade (} or 7) 
Ayrshire Cattle 


Type of Dry Organi Crude | Ether Crude N-free 
Foodstuff animal matter matter proteim | extract fibre extract Ash 
Chatfed hay Zebu 58°68 60°45 54°87 48°05 66°57 55°97 44°05 
Csrade 54°34 5591 49°52 44°69 60°64 53°51 42°13 
Cotton seed Zebu 64°20 64°88 65°31 Ryo 1 50°98 67°29 52°27 
(srade shat 60°27 64°56 &yoy 40°36 57°31 18°30 
Green grass Zebu 45°13 48-85 50°59 71°02 52°70 44°47 17°44 
Grade 45°52 49°34 49°15 51°45 §2°95 40°43 17°31 
Chatfed hay Zebu 44°99 47°04 40°35 40°37 54°55 43°45 19°79 
Crrade 44°52 47°50 34°66 46°43 | §2°56 44°93 19°21 
Maize meal Zebu %2°30 80:87 75°83 71°70 73°89 R515 28-38 
(Gsrade 8%4°20 §5°88 70°79 63°17 54°14 | 83°07 19°16 
Wheat bran Zebu 58°86 62°41 7o'O1 59°98 14°58 60°54 1°38 
Grade 59°93 61°98 67°13 25°45 34°05 67°50 10°65 
Maize fodder | Zebu 65°42 66:69 49°30 70°68 70°%o 65°58 47°78 
Grade 65°15 66-98 34°32 60°37 80°27 61°64 40°01 


which do not harm permanently a normal beast, may exert a more 
pathogenic influence in these off-colour calves. 'T he vicious circle would 
then repeat itself. 

‘Those higher-grade calves which show retarded development do not 
harbour blood or intestinal parasites in larger numbers than their Zebu 
controls, Usually the blood is free from the more pathogenic protozoa, 
and worm-infestation is normally not very high. ‘The only parasitic con- 
dition likely to be a contributing factor at this stage of growth is the 
anaemia of piroplasmosis and anaplasmosis. High-grade stock are more 
susceptible to the effects of infection with these tick-borne diseases than 
are Zebus, and so it is routine practice to immunize the calves against 
the more pathogenic species. Usually immunization is done before 
weaning with Anaplasma centrale, coupled invariably with a Theileria 
mutans infection, but the after-effects of the anaemia and immunization 
»robably still affect the calves when they are moved from the sheltered 
ife of the calf-pens to search for their food in the sun. 

It is also probable that exposure to the direct rays of the sun has an 
unfavourable influence on these high-grade calves, whereas the local 
breed of cattle has developed a tolerance. 

Discussion 

Some of the indigenous cattle have genetic potentialities greater than 
can find expression under ‘Tanganyika conditions, but many have de- 
generated to a poor standard of production. Improvement among the 
indigenous stock may therefore be possible by selection and mating of 
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the superior types, but the success of this method depends upon the 
rior improvement of the grazings and conditions of management. Un- 
oa the environment is first improved, lasting improvement in the cattle 
is out of the question. 

The local Zebu can be selected and developed into a useful dual- 
a et type, but this process will be slow and most European farmers 
in ‘Vanganyika ‘Verritory want to get quicker and less lasting results by 
grading-up the Zebu to a recognized European breed. ‘The success so 
far obtained with the breeding of European grade or improved pure 
Zebu cattle has been very small. It appears that constitutional break- 
downs appear in grade cattle when they are bred too closely to the 
uropean parent, and that the animal’s produc tivity is too limited if not 
bred sufficiently far from the Zebu. A balance must be struck between 
constitution and productivity, between hereditary potentialities and their 
chance of expression in our environment, if it is desired to produce a 
suitable type of animal by crossing European and Zebu breeds. First, 
the grade which does best in a given environment must be determined 
by experience, and then selected individuals of this grade be mated 
together, so that by inbreeding and rigorous selection it may be possible 
to establish a new breed capable of economic production in the various 
districts of the ‘Territory. ‘Vhe results at hand suggest that the Ayrshire 
and Friesian grades break down constitutionally at a level of crossing 
which does not allow a large measure of the European breeds’ pro- 
ductivity to be incorporated in the genetical make-up of the grade. It is 
possible that better results would have been obtained if a smaller breed 
more like the Zebu in size had been tried (e.g. Channel Island breeds), 
but to go back and start all over again would be very expensive; yet 
with the present mixture of over-graded cattle what other policy should 
be adopted ? 

Some people advocate the grading down of these over-graded cattle 
with a Zebu bull, but such a policy would result in conformational 
variation and lack of uniformity in the progeny. With only small num- 
bers of stock to work upon, it will be fortunate if enough suitable geno- 
types are left for inbreeding purposes after all unsuitable types have been 
culled. For a policy of this nature large numbers are required, so that 
only the most suitable of the lower-grade progeny will be retained for 
subse quent interbreeding. For small herds such as exist in ‘Tanganyika, 
the best plan would be to degrade as suggested above, and at the same 
time introduce fresh selected native cows for grading-up. Both processes 
should stop at the level where constitutionally weak progeny do not 
appear, and all unsuitable animals of this grading should be culled most 
drastically. By interbreeding selected animals of this correct grading, 
and the continued selecting of only the correct types from the subsequent 
generations of offspring, it should be possible eventually to establish a 
new breed suitable for local conditions. 

The above work applies to animals at fairly low altitudes in ‘Tan- 
ganyika, Altitude apparently has a consider: ible influence on breeding- 
results and in the Kenya Highlands, for example, these problems do 
not appear to have become so acute. 
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Conclusions 


1. Improvement of indigenous Zebus by selection and mating of out- 
standing individuals can be successful only if the environment is first 
improved (e.g. nutrition, management, and greater freedom from 
drought and parasites). 

2. Certain Zebus are genetically capable of greater productivity than 
that finding expression under existing conditions. The progeny of 
dwarfed cattle that have been stunted over many generations grow into 
better animals than their parents if removed at birth to good conditions. 

3. Grading-up Zebus to European breeds has produced, in the first 
cross, animals much improved in size and productivity. This improve- 
ment is not maintained by subsequent upward crossing. Higher grades 
break down constitutionally a are disappointing in their rates of 
growth, body development, and milk yields. 

4. Ayrshire grades break down at a lower level of grading than Friesians. 

5. The constitutional failures are due to factors other than nutrition, 
though poor feeding accentuates the breakdown. 

6. Linear development is retarded less than live-weight, and retarda- 
tion begins between 6 and 12 months of age. 

7. Long hair accompanies retardation of growth but is not the cause, 
although it embarrasses the animal. 

8. ‘The temperature-regulating mechanism is impaired and results in 
slightly higher body temperatures and increased respiratory and meta- 
bolic rates. This effect increases with higher grading. 

g. Grade stock digest their food as efficiently as Zebus, but possibly 
cannot utilize the digestible nutrients so well, or they may have higher 
maintenance requirements. 

10. The anaemia following piroplasmosis and anaplasmosis is sug- 
gested as another inimical factor. 

11. A serious developmental problem exists in grade European stock, 
the causes of which are not clear. 
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A FACTORIAL EXPERIMENT ON RICE CULTURE 


RUH-HWA MA ano LIH-MING KAO 
(Research Associates, Department of Agronomy in the College of Agriculture and Forestry, 
University of Nanking, Nanking, China) 

RICE is the most important crop in the eastern countries, comparable 
with the corn crop in America or the wheat crop in Europe. In China 
the production as estimated by the National Agricultural Research 
Bureau for four recent years was, in piculs,! 817,471,000 for 1931, 
940,431,000 for 1932, 879,017,000 for 1933, and 696,852,000 for 1934. 
Probably over 60 per cent. of the Chinese people use it as their staple 
food, so that it supplies about 24-15 per cent. of the total foodstuffs. 
(Wheat supplies 20-72, vale 17°37, millet 16-16, corn 8-62, and other 
cereals 12:98 a. cent.) [1]. For its importance in production and in 
food-supply the study Mt this crop is in every respect necessary and 
imperative. Since 1930 the University of Nanking has been carrying on 
several projects studying the cultural methods and breeding technique 
of this crop. The result of the comparison of yields between direct 
planting and transplanting was reported by Prof. 'T’. H. Shen in 1932 [2]. 
An investigation of breeding rice in China for resistance to the stem- 
borer (Schoenobius incertillus and Chile simplex) was published by T. H. 
Shen and H. N. Shen in 1934 [3]. ‘The breeding of an improved variety 
N-1-—3-86 was described by C. I. Swen in 1935 [4]. ‘The present paper 
is a report of a field experiment on the effect on yield of the age of 
seedlings in the nursery plot when transplanted and the number of plants 
per hill, adjusted for equal numbers pr per plot, combined with 
the response of different varieties to that treatment. 


DESIGN AND LAYOUT OF THE EXPERIMENT 

The experiment comprised three factors, viz. variety, age, and distance, 
in what is commonly known as the three-factor factorial design, giving 
27 treatments. The three varieties tested were Mao-tze-tao, the im- 
proved variety of National Central University, which represents a 
medium-early variety; N-1—3-86, the improved variety of the Uni- 
versity of Nanking, which represents another medium-early variety; 
and Kiangsi-late, which matures 1-2 weeks later than the other two, and 
in general represents a late variety. The factor, age of transplanted 
seedlings, consisted of three levels, the first being the seedling kept in 
the nursery plot for 30 days before transplanting, the second 45 days, 
and the third 60 days; the common practice in Nanking and along the 
Yangtze River lies within the range of 30-40 days. ‘The third factor 
was that for distance between hills adjusted for an equal number of 
plants per plot (i.e. 360 plants for each single plot, size 45 x 120 shih- 
tsun?) or for the number of plants per hill. ‘The three lev els were 
shih-tsun (13:3 cm.) between hills with 4 plants per hill, 8 shih-tsun 
(26-7 cm.) with 8 plants per hill, and 12 shih-tsun (40-0 cm.) with 12 


T picul 1334 lb. 2 shih-tsun = 34 cm. = 0'1094 British or American ft. 
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plants per hill. In the present experiment we adopted the method of 
‘Partial Confounding’ of the second-order interaction; there were four 
replications, of which the first and third confounded the 2 degrees of 
freedom of Fisher’s grouping III, and the second and fourth another 
2 degrees of grouping I. 

The experiment was laid out at the University Farm, Taipingmen 
Station. ‘The three varieties were sown in the nursery plot on May 1, 
1937; the first transplanting was on May 31, the second transplanting 
on June 15, and the third transplanting on June 30. The over-all plot- 
size was (75 < 120) shih-tsun, consisting of 5 rows, each 120 shih-tsun 
long with 15 shih-tsun between rows. There were in all 12 blocks, 
108 plots, and 540 rows. ‘The plants were harvested from September 2 
to 22. The procedure of harvesting, threshing, and field recording need 
not be described here. In the analysis of the results, in order to avoid 
competition between the varieties, or other factors, the border rows of 
each plot were discarded, and only 3 rows remained for computing 
the total yield of the plot, with an area of 5,400 square shih-tsun. The 
conversion factor for transforming the yield expressed as grams per unit 
plot into catties per mow is 1/4°5 (where one catty equals 500 gm. or 
1:10 lb.; and one mow equals 0-066 ha. or 0-164 acre). 

The plan and results are given in Fig. 1. The first row indicates the 
treatment combinations; the second the yield in grams per unit plot of 
5,400 square shih-tsun; the third the number of heads attacked by stem- 
borer, or empty panicles, counted within each unit plot; and the fourth 
the time of heading, with August 10 expressed as numerical value 1. 


EXPERIMENTAL RESULTS 


Analysis of the Yield Results 

The method of analysis which was given by Yates [5] in 1937 was used, 
and the complete analysis is presented in ‘Table 1. 

All of the effects, except the deviation of the distance between hills 
and the first-order interaction between varieties and distances, were 
significant either at the 5 per cent. or the 1 per cent. point, and even the 
second-order interaction, which is usually considered as unimportant 
or often non-existent, was found to be highly significant in the present 
experiment. 

According to the average of 5 years’ tests during 1930-6, the Mao- 
tze-tao variety yields 3-1 per cent. less than the check variety for direct 
planting, but 4:3 per cent. more for transplanting. N-—1-—3-86 yields 
5:7 per cent. more for direct planting and 7-8 per cent. more for trans- 
planting than the check variety. ‘The Kiangsi-late variety yields quite 
well, but its lateness of maturity is the important undesirable character 
preventing it from selection for breeding purposes. 

The comparison of the means of these three varieties, three different 
ages of transplanting and three levels of distance, is presented in ‘Table 2, 
which also shows the two-factor interactions. 

Among the three varieties tested, the Kiangsi-late yielded the highest, 
and it was significantly better than the other two improved varieties. 
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plants per hill. In the present experiment we adopted the method of 
‘Partial Confounding’ of the second-order interaction; there were four 
replications, of which the first and third confounded the 2 degrees of 
freedom of Fisher’s grouping III, and the second and fourth another 
2 degrees of grouping I. 

The experiment was laid out at the University Farm, Taipingmen 
Station. ‘The three varieties were sown in the nursery plot on May 1, 
1937; the first transplanting was on May 31, the second transplanting 
on June 15, and the third transplanting on June 30. The over-all plot- 
size was (75 x 120) shih-tsun, consisting of 5 rows, each 120 shih-tsun 
long with 15 shih-tsun between rows. There were in all 12 blocks, 
108 plots, and 540 rows. The plants were harvested from September 2 
to 22. The procedure of harvesting, threshing, and field recording need 
not be described here. In the analysis of the results, in order to avoid 
competition between the varieties, or other factors, the border rows of 
each plot were discarded, and only 3 rows remained for computing 
the total yield of the plot, with an area of 5,400 square shih-tsun. The 
conversion factor for transforming the yield expressed as grams per unit 
plot into catties per mow is 1/4:5 (where one catty equals 500 gm. or 
1:10 lb.; and one mow equals 0-066 ha. or 0-164 acre). 

The plan and results are given in Fig. 1. ‘The first row indicates the 
treatment combinations; the second the yield in grams per unit plot of 

,400 square shih-tsun; the third the number of heads attacked by stem- 
.orer, Or empty panicles, counted within each unit plot; and the fourth 
the time of heading, with August 10 expressed as numerical value 1. 


EXPERIMENTAL RESULTS 
Analysis of the Yield Results 

The method of analysis which was given by Yates [5] in 1937 was used, 
and the complete analysis is presented in ‘Table 1. 

All of the effects, except the deviation of the distance between hills 
and the first-order interaction between varieties and distances, were 
significant either at the 5 per cent. or the 1 per cent. point, and even the 
second-order interaction, which is usually considered as unimportant 
or often non-existent, was found to be highly significant in the present 
experiment. 

According to the average of 5 years’ tests during 1930-6, the Mao- 
tze-tao variety yields 3-1 per cent. less than the check variety for direct 
planting, but 4-3 per cent. more for transplanting. N-—1—3-86 yields 
5:7 per cent. more for direct planting and 7-8 per cent. more for trans- 
planting than the check variety. ‘The Kiangsi-late variety yields quite 
well, but its lateness of maturity is the important undesirable character 
preventing it from selection for breeding purposes. 

The comparison of the means of these three varieties, three different 
ages of transplanting and three levels of distance, is presented in Table 2, 
which also shows the two-factor interactions. 

Among the three varieties tested, the Kiangsi-late yielded the highest, 
and it was significantly better than the other two improved varieties. 
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TABLE 1. Analysts of Variance, Table of Plot Yields of Rice 
Factorial (3 x 3 x 3) Experiment, 1937 
Degrees | 
of | Sumof | Mean 
Variation due to freedom squares | square 

Blocks ; : : a II 2,889,538 260,867 
Varieties ; ; : . 2 483,203 | 241,601 
Age of seedlings: | 

Linear regress. . : : I 30,442,104 | 30,442,104 

Deviation . ? I 2,186,682 | 2,186,682 
Distance between hills: 

Linear regress. . I 565,339 565,339 

Deviation . I 88,736 88,736 
Varieties < ages 4 1,518,959 379,739 
Varieties x dist. 4 214,546 | 53,637 
Ages < dist. . 4 388,054 97,013 
Varieties X ages X dist. 8 1,238,468 | 154,808 

2 313,657 

II 2 47,019 

Ill 2 431,571 

EV. 2 446,220 
Residue 70 2,745,105 39,216 
Total . ‘ ; : . 107 42,740,733 399,446 


S.E. 198-03; Coeff. of var. = 11°64 per cent. 
S.E. for total of 12 plots = 686-00; for total of 36 plots = 1188-22. 


TABLE 2. Summary of Yields for Varieties, Transplanting Ages, 
and Distances 


(Catties per mow, +12°7), (Means, +7-3) 


Age: 30 days | Age: 45 days | Age: 60 days Mean 


Mao-tze-tao .. 546 394 187 376 
N-1-—3-86 e 454 437 192 361 
Kiangsi-late_ . 500 437 255 397 

Distance: Distance: Distance: 

4 shih-tsun 8 shih-tsun 12 shih-tsun Mean 
Mao-tze-tao_. 385 380 362 376 
N-1-3-86 . 368 369 346 361 
Kiangsi-late_ . 426 411 354 397 

Distance: Distance: Distance: 

4 shth-tsun 8 shith-tsun 12 shih-tsun Mean 
Ages: 30 days . 494 530 476 500 
Ages: 45 days . 439 425 404 423 
Ages: 60 days . 246 206 182 211 
Mean . . 393 387 354 


I catty per mow = 6-69 Ib. per acre. 
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The yield of the 30-days seedlings was significantly over that of the 
45-days, and the latter was also significantly over that of the 60-days. 
‘The effect of delaying the time of transplanting on yield is quite apparent 
and important. A 20 per cent. decrease of yield resulted from a delay of 
half a month, and a 76 per cent. decrease from a month’s delay. A part, 
at least, of thig decrease was due to increased losses from rice stem- 
borer (see p. 8¥). In the conditions at Nanking and along the Yangtze 
River during a dry season water becomes the limiting factor in carrying 
out the process d umaains, and so the seedlings must sometimes 
be kept fn the nursery plot for more than a month. “The experience of 
the farmers had shown that if the seedlings of the improved variety were 
kept long in the nursery, the plants did not grow uniformly and at the 
same time the yield was lower. For this reason they considered that it 
was probably better to use the mixed seeds of different varieties in their 
practice rather than one pure improved variety. The present experi- 
ment confirms this point, should a dry season make late transplanting 
necessary. With an equal number of plants per plot, the yield of distance 
4 shih-tsun between hills with 4 plants per hill was higher than that of 
distance 8 shih-tsun with 8 plants, but the difference was not significant. 
The yields of 4 and 8 shih-tsun with 4 and 8 plants per hill, respectively, 
were ‘significantly over the yield of 12 shih-tsun with 12 plants per hill. 

The interactions between varieties and ages, and between ages and 
distances, were significant. For the three different varieties, the de- 
creasing order of the yields from 30 days to 60 days was, in general, 
similar, but the slopes of the regression lines were quite different. For 
the rather late variety, the yield of the 60 days was about one-half that of 
the 30 days, but for the medium-early varieties the yield of the former 
was only one-third of the latter. The regression coefficients of the yield 
on age for these three varieties were —537°9, —394:0, and —368-6, 
respectively. 

The regression coefficients of the yields on distances for these three 
varieties were —35°6, —33:2, and —108-4, respectively. ‘The effects on 
yield for Mao-tze-tao and N-1—3-86 were not so significant as for the 
Kiangsi-late variety. This was probably because growth and tillering 
were more vigorous for the late-maturing variety than for the medium- 

early varieties, so that the more even distribution of the plants in the 

field would increase their yield greatly. The regression coefficients of 
the yield on ages of seedlings for the three distances were —372°3, 
—487-2, and —441-1; and those of the yield on distances for the three 
ages were —28-0, —52-4, and —96'8, respectively. 

When comparison of the 27 treatment-combinations is to be taken into 
consideration, correction terms should be applied to the individual plot 
yields in order to eliminate the block effects. ‘The adjusted yields so 
obtained appear in Table 3. 


Analysis of Empty Panicles 


T. H. Shen and H. N. Shen [3] reported the result of breeding rice 
in China for resistance to the stem-borer in 1934. They concluded 
that the damage caused by the stem-borer might be classified into two 
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groups, one representing the injured culms with empty panicles and 
the other representing the injured culms with non-empty panicles. An 
empty panicle represents a total loss due to the stem-borer and a non- 
empty panicle only a partial loss and indicates tolerance. ‘The correla- 
tions between the empty paniclesand yield were —o-156--0-101, 
0:364+ 0-099, and —0-231-+0-074 in 1933 for transplanting, direct 
planting and combined, respectively. 


TABLE 3. Adjusted Yields of the Three-Factor Table 


C, C, C; 
B, B, B, B, B, | B; B, B, | Bs; 
A, Catties per mow . - | 537 | 400 | 219 | 605 | 357 | 180 | 496 | 426 | 168 
A, Catties per mow . - | 460 Yor 167 | 444 | 471 | 193 | 458 | 364 | 215 
A, Catties per mow . - | 486 | 440 | 353 | 542 | 448 | 244 | 473 a2) 367 


A the varieties; B the ages of seedlings; C the distances. 
I, 2, and 3 indicate the levels of each factor. 
I catty per mow = 6:69 Ib. per acre. 


Shen suggested that in calculating the loss due to stem-borer, the 
non-empty panicles as well as the empty panicles should be considered 
in estimating the percentage of damage, and they also demonstrated that 
a significant correlation existed between the yield and the non-empty 
panicles; but for the present experiment, we have only used the injured 
culms with empty panicles as the index of damage. In field observations 
the culms with empty panicles are easily distinguished and picked out 
for counting, but the non-empty panicles are not easily discernible; 
hence including them in calculating the percentage of damage would 
introduce an additional error due to the wrong classification of materials. 
Further, since the loss due to non-empty panicles is only partial, and 
they are sometimes as healthy as the normal plants, it is not comparable 
with that from empty panicles in estimating the damage. In view of these 
two points it is legitimate to use only the percentage of empty panicles 
for the estimation or indication of the injury due to the stem-borer. 

From three rows (360 plants) of each single plot, the number of empty 
panicles was counted. Since the number of plants per plot was already 
adjusted to a constant value, and the tillering of the different distances 
was quite uniform in the field, it seems better to express the results as 
the absolute number of empty panicles per plot rather than the per- 
centage of empty panicles. The number of borer-attacked panicles of 
the 108 plots is given in Fig. 1. The analysis of variance of the result 
was worked out as for the yield-data. 

The effects of varieties and of ages were significant for the 1 per cent. 
point of the z value (z = 1-527 and 2-697, respectively). The first- 
order interaction of the varieties and ages was also highly significant 
(z = 2-437), and so also was the second-order interaction (z = 0-772). 
The results for the total number of empty panicles for each treatment 
are given in Table 4. 

Mao-tze-tao and N-1-3-86 were injured more seriously than the 
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and Kiangsi-late variety. According to Shen’s report, the variety that matures 
An | later has a poor chance to escape the stem-borer, for when the borers 
10n- enter the culms at the time of heading, they cause more empty panicles. 
ela- The fact that the Kiangsi-late variety had fewer empty panicles thus 
101, suggests that it must be especially resistant to the stem-borer. 
rect 
TABLE 4. Summary of Numbers of Empty Panicles for Varieties, 
Ages, and Distances 
(+£337°0, or 4°93 per cent.) 
Variety . , ; . _Mao-tze-tao N-—1-—3-86 Kiangsi-late Mean 
B Total number . ‘ ; 7,597 7,868 5,055 6,840 
e Per cent. of mean : : III‘! 115‘! 73°9 100°0 
168 Transplanting age (days) . 30 45 60 Mean 
— Total number . ; ; 2,561 5,621 12,338 6,840 
167 Per cent. of mean - i 37°4 82°2 180°4 100°0 
Distance (shih-tsun) : 4 8 12 Mean 
Total number . ‘ ; 7,436 6,668 6,414 6,840 
Per cent. of mean : ‘ 108-7 97°55 | 93°8 100°0 
the Delaying the time of transplanting greatly affected intensity of damage 
red by the stem-borer. The number of empty panicles for the 60-days 
that transplanting was about five times as great as for the 30-days. This was 
ipty probably because the older the seedling in the nursery plot, the later 
red would be the time of heading, so that this would favour the entrance of 
ons the stem-borer into the culm. The second reason we infer is that when 
out the seedlings were delayed, their growth became non-uniform and 
ble; weaker, and thus the plants were more easily susceptible to the attack 
uld of the stem-borer. 
als. Regarding the distances and the number of plants per hill, the results 
and | suggest that the more even the distribution of plants in the field, the 
ible greater was the number of borer-attacked panicles. ‘The number of 
Lese empty panicles decreased with each increase in distance between hills, 
cles although by the z test the effect was a little below the 5 per cent. point 
of significance. Inspection of the number of empty panicles and the 
pty yield discloses the expected close inverse relationship between them 
ady (cf. data in Fig, 1). 
ices | p30 : ; : 
3 as Analysis of Time of Heading 
er- In the experiment it was considered that, when each single plot had 
; of headed over 60 per cent., this was the date of heading for that plot. 
sult Taking August 10 as the first date of heading, the result for the date of 
heading was then transferred into a numerical value for each plot. The 
nt. . results are given in Fig. 1. The analysis of variance was carried out as 
rst- before. The z values for the varieties (x = 3-544), ages of seedling 
ant (z = 1-615), and the interaction between them (z = 0-646) were signi- 
2). ficant for the 5 per cent. and also 1 per cent. points. The average time 
ent of heading for different treatments is summarized in Table 5. 
The order of earliness for the varieties was N—-1-3-86, Mao-tze-tao, 
the Kiangsi-late. The 30-days transplanting age was two days earlier than 
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the 45-days age, and the 45-days age, in turn, was two days earlier than 
the 60-days. There was no relationship between distance and date of 
heading. 


TABLE 5. Summary of Time of Heading (in days) for Varieties, Ages, 
and Distances 


(+13°32 (total) or 0-37 (mean)) 


Variety . ‘ : . | Mao-tze-tao N-1-3-86 | Kiangsi-late Mean 
Total , , . ‘ 326 243 1,079 549 
Mean ‘ : ‘ ‘ gl 6°8 30°0 15°3 
Difference ; ‘ ; —6-2 —8°5 +14°7 00°0 
Transplanting age (days) . 30 45 60 Mean 
Total ; ; ; ; 487 541 520 549 
Mean : i ‘ : 13°5 15"0 > aan 15°3 
Difference ‘ ‘ ‘ —1°8 —0°3 +1°9 00°0 
Distance (shih-tsun) . ‘ 4 8 12 Mean 
Total ‘ ‘ ‘ ; 549 550 549 549 
Mean ‘ ‘ ‘ ; 15°3 15°3 15°3 15°3 
Difference ; P ‘ 00°0 00°0 00'0 000 


The minus sign signifies earlier than the mean date, and the positive sign later than 
the mean date. 


Analysis of Co-variance of the Number of Empty Panicles, Time of 
Heading, and Yield 


Significant correlations were found to exist between the damage due 
to stem-borer and yield (—o-381) and between the time of heading and 
yield (-++0-272). It seems necessary to determine the intensity of correla- 
tion between the dependent variable and one of the independent 
variables when the other independent variable is kept constant, i.e. the 
partial correlation between the two variables. If the partial correlation 
is also shown to be significant, then the yield may be corrected for the 
variability of the damage from the stem-borer, and also of the time of 
heading. The problem requires the analysis of variance and co-variance 
of these three variables. 

For economy of space, the detailed tables and figures are not presented 
here. The calculated regression coefficient for X, (number of empty 
panicles) was —1-286 and for X, (time of heading) was +2-210; the 
corresponding correlation coefficients were —o0-365 and +0-248 respec- 
tively. ‘The correlation of X,Y was significant at the 1 per cent. level, 
and that of X,Y at the 5 per cent. level. 

Analysis of variance of the yield after adjusting for the regression of 
the two independent variables showed that for varieties, 4 of item 
(var. +error) = —o-873 and 6, = —1-766, and the z value for the test 
of difference was 0-689; for ages, b, = —4-289, b, = —6-420, and the 
z value 1-774; for distances, b, = —o-860, b, = 22-908, and the z value 
was 1-141, indicating that the effects of varieties, ages, and distances on 
yield differed significantly even after adjusting for an equal damage of 
stem-borer and equal time of heading. 
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The analysis of variance of the adjusted yields showed that the inter- 
actions between varieties and distances, distances and ages, and the 
second-order interaction between varieties, ages, and distances, with 
their z values equal to a negative value, 0-210 and 0-107 respectively, 
were not significant. 

From the previous analysis the main effects of the varieties, ages, and 
distances, and the first-order interactions between varieties and ages 
were significant, so their means may be corrected by the regression 
coefficients, and the differences then compared by the ¢ test with the S.E. 
of the difference estimated by the formula proposed by Wishart in 
1936 [6] eno 

The results of the ¢ test after adjusting are similar to those before 
adjusting for the independent variables. The analysis of co-variance 
shows that the relationship between yield and time of heading and 
between yield and number of empty panicles was quite important, but 
when the regression coefficients are used for adjusting the treatment- 
means the difference in the results is negligible. 

After the results of this experiment had been analysed, we became 
acquainted with the paper by W. G. Cochran [7] on the analysis of 
variance of abnormal data. According to the criteria given in that paper, 
some transformation of the primary data of the present experiment 
would be desirable, because of the wide range of the treatment-effects, 
and the small whole-numbers involved in some of the measurements. 
On the other hand, practically all of the main effects and most of the 
interactions have proved significant in the analysis of the untransformed 
data; even without transformation the error was not large enough to 
overwhelm the important effects. Consequently, although transforma- 
tion would increase the precision of the results, it would add but little 
to our information. 


Summary and Conclusions 

A (3 X 3 X 3) factorial experiment on rice, with 4 replications and with 
partial confounding of 4 degrees of freedom of the second-order inter- 
action, was carried out at the University of Nanking Farm in 1937. ‘The 
experiment tested the effects on yield, stem-borer attack, and time of 
heading of: (a) the ages of seedlings in the nursery plots when trans- 
planted; (b) the spacing of hills and number of plants per hill adjusted 
to an equal number of plants per plot; and (c) the effect of these two 
factors in combination with different varieties. The experiment brought 
out the following points: 

1. A considerable decrease of yield resulted from delay in trans- 
planting: a 20 per cent. mean decrease for a delay of half a month, and 
76 per cent. for a month’s delay. 

2. Adjusted to equal numbers of plants per plot, there was no differ- 
ence in yield between 4 shih-tsun and 8 shih-tsun spacing, but the yields 
of 4 and 8 shih-tsun were significantly over that of 12 shih-tsun spacing. 

3. The decrease in yield through transplanting older seedlings was 
different for the different varieties. For the rather late variety the 
decrease was less marked than for the medium-early varieties. 
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4. With equal plants per plot, the smaller the distance the higher the 
yield, but the exact relationship was different for the different varieties. 
The effects on the yield were not so significant for the medium-early 
varieties as for the late variety. 

5. The first-order interaction between ages and distances was signi- 
ficant. 

6. ‘The second-order interaction between varieties, ages, and distances 
was significant, indicating that the interactions between ages and dis- 


tances were different for the different varieties, or the interactions | 


between varieties and ages were different for the different levels of 
distance, and similarly the interactions between varieties and distances 
were different for the different ages. ‘Thus the combination of age and 
distance most suitable for one variety might not be suitable for the other 
varieties. ‘This result is very important in practice, and the likelihood 
of a significant secondAinteraction should be kept in mind in the design 
of variety-cultural experiments. 

The number of empty panicles due to stem-borer attack, and the 
dates of heading, of these different treatment-combinations were also 
analysed. ‘The results showed: 

1. The Kiangsi-late variety was less attacked by the stem-borer, sug- 
gesting that it was especially resistant in spite of its lateness. The field 
observations of this variety made in the breeding project during 1936-8 
confirmed this suggestion. 

2. Delaying the time of transplanting greatly increased the intensity 
of damage by the stem-borer. 

3. The more even the distribution of plants in the field the greater 
was the number of empty panicles, or, in other words, the more severe 
was the attack of the stem-borer. 

A co-variance study of the yield on the empty panicles and the date 
of heading was also carried out. ‘There was a negative relationship 
between the number of empty panicles and yield with a total r = —o-381, 
and partial r = —o-365; and a positive relationship between the date of 
heading and yield with a total r = +0-272 and partial r = +0-248. 
The analysis showed that the relationship between yield and either one 
of the two independent variables was quite significant. 
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SOME ASPECTS OF SELECTION OF MERINO STOCK FOR 
WOOL-PRODUCTION UNDER PASTORAL CONDITIONS: 


J. E. NICHOLS 
(Imperiat Bureau of Animal Breeding and Genetics, Edinburgh) 


WO0OL-PRODUCTION provides interesting material for studying live-stock 
selection problems for two reasons. In the first place environmental 
changes lead to rapid and considerable responses in the characters of 
fibre and fleece, and secondly, the great majority of the stock which 
produce wool under extensive pastoral conditions are importations to 
their present habitats. Although in some cases indigenous primitive 
wool-bearing forms in tropical and subtropical regions have been graded 
to the Merino, for the most part Merino types have ousted indigenous 

varieties, or have formed, by importation, the sole sheep stocks following 
exploitation and occupation of the land. ‘The latter is-the situation in 
Australia, and a considerable proportion of the sheep population in that 
continent is maintained under conditions which approach the marginal 
for wool-production. At the same time the pastoral areas of Australia 
vary considerably in their climatic, soil, and floristic characters, so that 
they provide many sets of environmental conditions. 

The genetic potential for fleece- -production is exhibited as a complex 
of length, fineness, and uniformity of fibre, density and area of fleece, 
&c., which can respond in many ways to the metabolic and external 
environments [1]. ‘he pastoral areas and their different forms of Merino 
therefore give rise to a multiplicity of wool types, and a major problem 
of sheep husbandry is to select that genotype which yields the best 
expression, Or modification, of wool characters in a particular locality. 

[he genotypes available have been developed under conditions more 
favourable to high productivity with more intensive husbandry and 
selection, so that the problem in the pastoral areas becomes that of 
attempting to reproduce that performance characteristic of the immi- 
grant genotypes, so far as is economically and practically possible 
under less favourable circumstances. ‘This raises immediately the ques- 
tion as to how far husbandry and environmental improvements have 
contributed to that performance and how much can really be attributed 
to improved genetic potentials for wool-production. 

As a general index of fleece-improvement the average fleece-weight 
can be used, and records are available from 1876 for New South Wales, 
which can be considered the parental State, presenting throughout its 
history relatively and progressively high levels of sheep husbandry [2]. 
The average weights (in the grease) for that State show an absolute 
increase from 4:0 lb. in 1876 to 8-8 lb. in 1927. More or less severe 
fluctuations have, of course, occurred, which for the most part reflect 
the effects of poor seasons and droughts, but if the unweighted five-year 


' Read at the Seventh International Genetical Congress, Edinburgh, August 23-30, 
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averages are considered, it is seen that the general trend is expressed in 
“OR three fairly well- defined stages. 


iS! TABLE 1. New South Wales: Five-year Average Fleece-Weights (greasy)* 
Mid-year 1879 1884) 1889 1894) 1899 | 1904 1909 1914 1919 1924 1929] 1934 


lb. per sheep shorn 49 | sz | 56 | s°o | G3 | Ge | 7°93 | o:25 | 73 | oy | Sat Sex 


tock © From data in Dalgety’s Annual Wool Review, 1937-8; figures from 1928-9 exclude Federal Capital 
lerritory. 
ental ‘ , 
3 of From the mid-year 1879 to 1909 the progress was steady, accompany- 
hich ing the expansion and consolidation of the sheep industry. ‘The marked 
3 te annual fluctuations in the later part of this period, especially from 1901 
‘tive to 1902 and 1903, may be accounted for by the processes of adjustment 
aded and rehabilitation following the seasons of severe drought prior to and 
oeee at the turn of the century. ‘Through the mid-years 1909, 1914, and 1919, 
wing the five-season average remained fairly constant (actually no record is 
a in available for the 1914 season, so the yearly averages for 1912, 1913, 1915, 
that and 1916 have been used to determine an unweighted mean for the mid- 
emer year 1914). ‘The annual figures, however, during this period show an 
waite interesting and fairly steady decline from 8-0 Ib. in 1913 to 6:8 lb. in 
that 1921, W hich is probably due to the interactions of unfavourable seasons, 
_ leading to fluctuations, and the effect of war demands influencing an 
plex increasing production of cross-bred wools in the State. ‘The proportion 
ece, of Merino wool in the New South Wales clip, as sold, fell precipitately 
onal from go per cent. in 1914-15 to 69 per cent. in 1919-20, rose suddenly to 
vine go per cent. in 1920-1 amd receded to 73 per cent. in 1921-2, since when 
slem | it has attained a fairly consistent level of about go per cent. as from 
heat 1927-8 [2, 3]. ‘The third period shows an —— trend between the 
ity. mid-years 1919 (7°3 lb.) and 1929 (8-2 lb.), although with wide annual 
nore | fluctuations, which, with a five-year average around 1934 of 8-1 lb., 
oni possibly indicate a present and future period during which little a so 
t of will be made, especially as pasture development and husbandry have 
aeey already made rapid strides during these later years. 
sible These dev elopments in New South Wales seem reasonably repre- 
jues- sentative of the Australian wool-producing industry as a w hole and 
have cover also the progress of Merino stud breeding. Throughout the long 
uted | first period of improvement the stud breeders were selecting for higher- 
producing strains, and more or less distinct varieties became established. 
eight During this process the fairly familiar tendency for stud enterprises to 
ales, become aggregated in particular localities was manifested; in other words, 
e ins in a particular environment there was a tendency for the selected types 
[2]. to converge towards a common local variety exhibiting those characters 
nlute , ‘Most readily or favourably expressed under those local conditions. The 
were Peppin (Riverina districts), the South Australian, the Tasmanian, &c., 
lect types s became differentiated [4]. 
vear The great lability of fleece-characters to external and internal en- 
: vironmental factors undoubtedly influenced the selection and develop- 
3-30, ment of the various stud types, the responses to improved husbandry 


emphasizing the relatively poorer performances, and hence facilitating 
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culling. In this way a fairly rapid improvement in stud flocks could be 
expected, and as the studs were located in conditions favourable to 
higher levels of husbandry and the techniques of husbandry improved, 
high stud average and individual fleece-weights were attained. (Records 
of individual fleeces reaching 35 lb. or more are not uncommon.) But 
with this improvement through selection of stud types for and in par- 
ticular localities, limits become imposed on the range of choice of geno- 
types open to the breeders of flocks in other, less favoured, areas. 

Examples of these features of selection are found in Western Australia, 
where the wool-producing industry is relatively less developed than in 
New South Wales or the other Eastern States. For instance, the un- 
weighted mean fleece-weight in this State for the seasons 1923-4 to 
1936-7 was 7-14 lb. from a clip almost entirely Merino, 0-3 per cent. 
being the average proportion of crossbred wool during the same period 
[5]. In other States with predominantly Merino clips the corresponding 
figures are: New South Wales 8-06 lb. (11 per cent. crossbred), South 
Australia 8-63 lb. (4 per cent. crossbred), and Queensland 7-61 Ib. (5 per 
cent. crossbred). ‘his comparison does not properly allow for any 
differences in the incidence of untoward seasonal conditions between 
the States, but additional evidence of the relative stages of development 
can be obtained from the situation in the stud flocks of Western Aus- 
tralia, where with the growth of the industry there has been a definite 
tendency to establish local studs to meet the local State demands for 
breeding-rams for the sheep areas. 

Among 140 Western Australian stud flocks about 12 per cent, was 
established in the decade 1g00-9; 18 per cent. in Ig10—19; 41 per cent. 
in 1920-9; and 26 per cent. since 1930 [6]. ‘These studs have originated 
in importations from the parental studs of the Eastern States, especially 
those of the South Australian and Peppin types. In the 1937 Register of 
Stud Merino flocks over 83,000 stud ewes are recorded for Western 
Australia; of them 49 per cent. are of South Australian and about 28 per 
cent. of Peppin ‘blood’, the remainder being predominantly mixtures of 
these types [7]. In these stud flocks the breeders attempt to maintain 
the distinctive characteristics of the ancestral types in the local (Western 
Australian) environment and to breed rams suitable for use in the sheep 
areas of the State. Further, the Western Australian studs tend to be 
aggregated in particular localities, especially the Great Southern agri- 
cultural areas, in conditions which can be considered somewhere inter- 
mediate between those under which the ancestral studs and the commer- 
cial flocks are maintained; that is, their animals are, as it were, ‘grown on’ 
from the parental studs for use in conditions widely different from those 
of the parental studs. 

The great majority of commercial breeders (owning the great majority 
of the sheep population) are concerned with the actual fleece-produc- 
tion in weight and form that can be expressed in their local habitats. 
From the genotypes available for importation they have to select those 
which give a reasonably favourable response under the local conditions of 
climate, nutrition, and husbandry. When seasonal conditions are sufh- 
ciently good, a certain low rate of natural increase (low by comparison 
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id be with that of the better stud areas) permits a degree of culling to be 


le to carried out. In a run of favourable seasons the commercial breeder has 
ved, | opportunities of ‘classing’ his flock to eliminate the more undesirable 
ords types of inferior producing animals. This process of classing is pre- 
But dominantly one of phenotypic selection, and it is obvious that its effects 
par- on flock improvement are necessarily limited because it is phenotypic 
eno- and the responses being observed are restricted to those possible from 
the imported genotype. Classing of commercial flocks in pastoral areas 
‘alia, involves a practical evaluation of the reactions of particular genotypes, 
in in selected in a plus direction in a superior environment, to an inferior 
un- environment; and the two environments being as a rule widely dis- 
“4 to similar, the responses, and therefore the trends of selection, may be 
cent. divergent or even antagonistic. 
riod Against the possibility of satisfactory genetic improvement in the 
ding lower conditions of husbandry, there are two main groups of limitations: 
outh those arising in the genotypes of the parental studs, and those of the 
| per lowered response of productive potential under the pastoral habitat. 
any Improvements in pastoral husbandry tend to reduce the difference in 
veen fibre-production, but on the whole there are severe practical restrictions 
nent on attempts to reproduce closely in pastoral areas the intensive hus- 
Aus- bandry characteristic of the stud areas. Further, in many of the pastoral 
inite regions the risk of severe seasonal fluctuations or droughts (the un- 
3 for reliability of climatic influences), is usually high, and precludes to a large 
extent the possibility of much improvement by genotypic selection 
was within the pastoral flocks. The major problem therefore appears to be 
ent. to orientate stud selection under favourable conditions of husbandry 
ated | more clearly towards greater emphasis upon the results of progeny per- 
ially formance in unfav ourable conditions. 
er of This would involve an inversion of policy in many stud-breeding 
tern | propositions, yet some studs do attempt to make the combinations or 
} per fleece- and fibre-characters, which their stocks produce in pastoral areas, 
es of the main criteria of selection, and to use their own level of husbandry 
tain more as a safeguard against risks of mortality and immaturity. In these 
tern the policy is the direct one of selecting for those genotypes which experi- 
reep ence and performance prove suitable to the lower levels of pastoral 
0 be husbandry ; thus the trends of pastoral and stud selection are convergent, 
1gTi- and, it is suggested, more likely to lead to sound genetic improvement. 
\ter- 
ner- Summary 
on’ Five-season averages of fleece-weights in New South Wales reveal 
hose a lid upward trend from the mid-years 1879 to 1909, then remain 
ar constant until 1919, and later show an improved trend to 1929. 
rity During the first period selection for higher production was con- 
duc- Pte especially in definitely favourable localities, and local types, or 
tats. strains, developed. 
hose From these the majority of the commercial sheep-breeders derive 
1s of thar breeding stock, but are concerned with the actual wool-production 
ufhi- under their immediate local conditions. 
ison 4. A limitation of stud types, or genotypes, available implies some 
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restriction upon the possibility of selection of suitable stocks for the 
most satisfactory production expressed under the less favourable con- 
ditions. 

5. The major problem therefore appears to be to orientate stud selec- 
tion, under favourable conditions of husbandry, more closely towards 
greater emphasis upon the results of progeny performance in the less 
favourable commercial areas. 
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SOME ECONOMIC ASPECTS OF THE GROUND-NUT 
INDUSTRY OF NORTHERN NIGERIA 
R. TURNER 
(Agricultural Officer, Department of Agriculture, Nigeria) 


World importance.—Ground-nuts are used chiefly for the extraction of 
oil for culinary and domestic purposes and the residue is used as a cake 
for feeding stock. Much of the salad oil used to-day is made from ground- 
nut oil, and the latter is also used for the manufacture of margarine. 
Recently, the process of hydrogenation has made it possible to use 
animal and other oils for the same purpose as the finer vegetable oils, so 
that animal and vegetable oils from various sources have become practi- 
cally interchangeable. 

India provides two-fifths of the ground-nuts entering international 
trade, and it is followed by French West Africa and China. Nigeria is 
fourth in importance and exports about one-eighth of the ground-nuts in 
world commerce [1]. 

Importance in Nigerian trade.—In the past few years ground-nuts have 
formed one-fifth of the total value of Nigerian produce exported. In 
1937 a record quantity was exported and its total value exceeded that of 
any other export [2]. ‘Table 1 shows the quantity and value of ground- 
nuts exported from Nigeria annually since 1908. Most of these nuts are 
produced in Northern Nigeria, but the figures include a small quantity 
grown in French Niger ‘Colony and exported through Nigeria. 


TABLE 1. Export of Ground-nuts from Nigeria annually 


Quantity, Value Quantity Value Quantity Value 
Year tons £ Year tons ri Year tons P i 


1908 | 1,654 | 14,871] 1919 | 39,334 698,702 | 1929 147,379 2,465,713 
1909 1,615 | 14,503] 1920 45,409 | 1,119,688 | 1930 146,371 | 2,195,756 
I9IO 995 8,733 | 1921 50,979 1,111,822 I93I 159,739 1,510,691 
IQII 1,179 10,376 | 1922 23,890 480,992 | 1932 | 188,123 | 1,873,831 
1912 2,518 18,930 | 1923 22,887 403,059 | 1933 204,606 | 2,064,369 
1913 | 19,288 | 174,716] 1924 78,266 pe 1934 | 244,886 1,860,267 
1914 | 16,997 | 179,219] 1925 | 127,226 2,394,2 1935 183,993 | 2,092,590 
IQI5 8,910 72,178] 1926 | 126,799 yee 39 | 1936) 218,389 62,847,414 
1916 | 50,368 | 473,653] 1927 | 90,773 1,629,542 | 1937 | 325,929 | 4,057,893 
1917 | 50,334 | 710,308] 1928 | 103,161 | 1,848,514 | 1938 180,136 1,305,828 
1918 | 57,554 | 920,137 








Table 2 shows the countries to which Nigerian ground-nuts were 
exported in 1930 and 1936, and the percentage of the total Nigerian crop 
taken by these countries. 

Producing areas.—Ground-nuts are grown throughout the Northern 
Provinces, but the chief exporting area lies roughly between the 11th 
and 13th North degrees of latitude [3]. Most of the crop is grown in the 
more ‘northerly parts of this area, where it forms the principal money 
crop. The trade is centred round Kano C ity from which more than half 
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of the export crop is railed. In the southern part of the main producing- 


area ground-nuts have to compete with cotton as an export crop, 
because the soil here is better suited to the latter crop. 


TABLE 2. Distribution of Nigerian Exports 


1930 1936 
Weight Weight 
Importing country 1,000 tons | Percentage 1,000 tons Percentage 
United Kingdom . ; 24 17 50°! 23 
France . , , ‘ 38 26 94°5 43 
Germany . : ; 71 49 3 19 
Netherlands . : ; 9 6 22°0 10 
Belgium 3 , 3°0 2 
Denmark 2 I 2'0 I 
Italy I I ey | I 
Other countries I 2°8 I 
Total . : ; 146 100 218°4 100 


Thus the United Kingdom, France, Germany, and the Netherlands are the principal 
countries to which ground-nuts are exported. 


The climate and vegetation of Northern Nigeria have recently been 
described by King [4], and the soils have also been described [5]. 
Ground-nuts are for the most part grown on the sandy drift soils, where 
the average annual rainfall is between 25 and 35 in. ‘The dry season, 
which begins in October, facilitates the harvesting and drying of the 
nuts [6]. 

In the northern part of the area the population is densest in Northern 
Nigeria. Kano Province, including Kano City, has a density of 164 per- 
sons to the square mile [7], but in the southern part of the area there 
are fewer people, Zaria province having a population density of only 
27. The inhabitants are mostly Hausas, a mixed race composed of the 
indigenous negro tribes intermarried with the Fulani, who settled in the 
country a century and a half ago [3]. ‘The main occupation of the people 
is farming, but they are also keen traders. 

Native production —The whole ground-nut crop of Nigeria is produced 
on small farms by peasant farmers. ‘The system of land tenure is that the 
land is held in trust for the people by the Governor, who delegates his 
authority to the Emirs and Chiefs to administer the land in accordance 
with local law and custom. Complete alienation of land to Europeans or 
other non-natives is forbidden by law; rights of occupancy, however, are 
granted to non-natives, but the area in respect of which such rights may 
be granted for agricultural purposes is strictly limited. The peasantry 
hold the land in perpetual grant from the Emirs and Chiefs and thus 
have security of tenure. In general there is little of the minute sub- 
division of holdings that has proved such an evil of peasant agriculture in 
other parts of the tropics. 

Although he frequently keeps small stock, such as donkeys, goats, and 
sheep, the local Hausa farmer is not a cattle-owner, and he cultivates the 
soil by hand, by means of a short-handled hoe. ‘The size of farms varies, 
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ing- but as a rule the average size is that which the farmer is able to cultivate 
rop, with the aid of his family, i.e. from 3 to 4 acres. 

Shifting cultivation is practised except in the immediate vicinity of 
towns. The farmer cultivates the land for four or five years, and when 
the fertility is exhausted, the land is abandoned and a fresh piece of land, 
or land which has been allowed to rest for a number of years, is cleared of 
bush and cultivated. Immediately surrounding towns and villages, the 
fertility of the farms is maintained by the application of compound refuse, 


= ashes, and stable manure, and this makes it possible to grow crops on the 
same soil year after year. It is a regular practice among the more affluent 
farmers to pay Fulani cattle-owners to kraal and graze cattle on their 
farms for the purpose of manuring the soil. Most farmers have some 
land near their village which is more or less permanently cultivated and 
also some further afield under shifting cultivation. 
The chief crops grown are Bulrush millet (Pennisetum typhoideum), 
Guinea corn (Sorghum guineense and S. caudatum), sweet potatoes, cas- 
sava, cotton, and ground-nuts. The first four are food crops, and the last 
‘pal two are essentially export crops, although they are also consumed locally. 
No definite rotation 1s practised, but the various crops are often grown 
in succession, according to the suitability of the soil and to the farmer’s 
een requirements. . 
[5]. Ground-nuts are usually grown alone or interplanted with Bulrush 
ere millet. They are commonly planted at the end of May and in June. ‘Two 
on, types are grown: in the light drift soils, a spreading type, and in the Zaria 
the soils an upright type. In the latter the branches from the main stem grow 


erect to g-12 in. high, covering only the tops of the ridges. The flowers 
ern {| are borne on the branches and consequently, when the flower-stalks 
yer- | elongate, the nuts are found clustered round the base of the plant. The 
lere compact habit of this ty pe makes it easy to harvest, a very important 
mly { point on the hard Zaria soils. ‘The stems of the spreading type have a 


the creeping habit and cover the whole of the ridges, consequently the nuts 
the are borne over a wide area, and harvesting is made difficult. In general, 
ple varieties of the spreading type give a larger yield than those of the up- 
right type. The ground is prepared for planting by means of hoes and 
ced thereafter the crop receives a number of hoeings. Ground-nuts, being a 
the leguminous crop, exhaust the soil very little and are seldom manured. It 
his is more profitable to apply the manure to the grain crops and cotton, 
nce which respond much more to it than do ground-nuts. ‘The crop is ready 
3 or for lifting in October or November, and this too is done by hoe. After 
are lifting, the ground-nuts are left for a few days to dry. They then have to 
nay be separated from the haulms and decorticated. 
try There are three methods of threshing and decorticating. The com- 
hus monest is to beat a heap of whole plants with sticks, on a specially pre- 
ub- pared piece of hard ground. This breaks up the shells and dry haulms, 
> in which are then winnowed in the breeze, the figheer shell and haulm being 
blown away, leaving the nuts. Although this is the quickest method of 
ind threshing and decorticating, it suffers from the defect that a large pro- 
the portion of the nuts is broken and that they become mixed with pieces of 
ies, haulm, sand, and other impurities picked up from the beating-floor. 
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Occasionally the whole plants are beaten in a mortar and winnowed. 
This is perhaps the best method if it is proposed to sell the nuts for 
export, as they do not contain so many impurities as nuts prepared by 
the first method. It is also reasonably quick and cheap, and is being 
increasingly used by farmers since regulations have been introduced 
forbidding the export of ground-nuts ‘containing more than a certain 
proportion of impurities. 

The third method is to pick the nuts off the haulms by hand. They are 
then beaten gently in a mortar witha pestle, and winnowed. This method 
of preparation has the advantage that the haulms, which are a valuable 
stock feed, are not spoilt. The method is also useful if it is intended to 
use the nuts for seed or to keep them for some time, as they can be stored 
in the shells and threshed and winnowed as required ; but it has the dis- 
advantage of requiring considerable labour, and is consequently slow and 
expensive. 

Returns to the farmer.—The yield of ground-nuts varies tremendously, 
say, between 200 and 800 lb. of decorticated nuts per acre. Probably an 
average yield per acre would be 600 Ib. on light ef and 400 lb. on heavy 
land. The threshing-percentage of kernels to w hole nuts varies from 65 
to 75, according to the variety, but the percentage of oil in the kernels is 
relatively constant at about 50. 

It is impossible to get reliable figures for the cost of growing ground- 
nuts. The native growers are illiterate, and are apt to be suspicious of 
interrogation, so that replies to questions which may be asked, are not 
always very reliable. The farmer is not sufficiently educated to be able to 
appreciate the value of his own and his family’s labour as a factor in 
producing the crop. Consequently he looks on all cash received by the 
sale of his ground-nuts as if it were a profit. 

On this basis it is possible to get a slight idea of what the farmer 
receives for his ground-nut crop. In the light-soil area the farmer might 
have an acre under ground-nuts, and this would yield, on an average, 
560 Ib. or a quarter of a ton of decorticated nuts. £6 per ton is a fair 
average price for recent years, and at this price the farmer would get a 
return of 30s. for his crop. On heavier soils the farmer might have, say, 
half an acre of ground-nuts and a yield of 350 lb. per acre. He would 
therefore receive a return of gs. 6d. for his crop. 


Factors affecting Production 


Price.—It is reasonable to suppose that the price offered for ground- 
nuts plays an important part in determining the quantity sold for export, 
but it is difficult to say how far price alone does affect production. Dis- 
tinction must be drawn between the quantity produced and the quantity 
actually exported. The amount produced by the farmer is always in 
excess of that exported, and the local demand is flexible up to a point. 
3eyond that limit, the farmer must either sell his nuts for what he can get 
for them, or store them against the possibility of a rise in price. The 
latter is done only to a small extent and need not be considered further. 

The price in the local market does not vary so much as the export 
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ved, price, and when the latter is low more ground-nuts are sold for local con- 
for sumption, and the farmer retains more for his own use. 
1 by Although rises in price during the buying-season tend to increase the 
sing § quantity of ground-nuts sold for export, it is obvious that they can only 
iced do so up to the limit of the amount produced. ‘There is some evidence to 
tain show, however, that higher prices in one season tend to stimulate pro- 
duction in the following season and the one after. ‘The price fluctuates 
are considerably in the same season. Frequently it rises towards the end of 
hod the buying-season, and this may encourage farmers to plant a large area 
able of ground-nuts in the hope that the high price will be maintained the 
dto ' following season. 
red The farmer has become accustomed to maintain a certain minimum 
dis- standard of living. He must also have money to pay his tax. If, there- 
and fore, that standard of living is to be satisfied and the tax paid, he must 
produce enough to give him the necessary cash return. ‘Thus in areas 
sly, where ground-nuts are the chief money crop, the farmer will always grow 
yan , sufficient to meet his cash requirements even should he expect a low 
AVY price. ‘This is shown by the fact that during the seasons 1930-1 to 1933- 
1. 65 4 the price of ground-nuts fell while the quantity exported increased. 
Is is Table 3 shows the quantity of ground-nuts which have been dispatched 
by rail from the stations in the ground-nut-producing area, together with 
pe TABLE 3. Ground-nuts dispatched by Rail from Stations in Producing Area 
de j and Prices for each Season from 1925 to 1937 
eto Average price per 
r in Season : ton in Kano to Price in Kano 
the (Oct. to Sept.) Tons railed nearest 2s. 6d.* native markett 
* s, & Los. d. 
ner 1925-6 101,987 10 15 Oo .- 
g2é 87,072 2 fe) 
ght aa j 86 885 a a 6 
ige, 1928-9 110,222 ro 17 «66 
fair ? 1929-30 140,617 8 10 0 
= 1930-1 114,049 9 12 6 aa 
say, 1931-2 153,559 ? ta 6 6 15 4 
uld 1932-3 175,129 s 3 © 4 6 8 
1933-4 223,015 212 6 2 ££ s 
1934-5 178,066 7 @ © zr © 
1935-6 177,397 7 =z © & © 3 
i 1936-7 304,547 735. 8 415 3 
1937-¢ 151,325 4 ° ° .- 
nd- * Firms’ weekly buying prices from October to March only. 
ort, + Average of months December and March. Prices obtained by weighing samples 
Jis- weekly in market. 
tity the average price of ground-nuts at Kano for each buying-season since 
in 1925-6. The quantity railed approximates to the quantity which has 
int. ~ been bought for export, but for various reasons, it is not quite the same. 
get It is, however, close enough to indicate generally how the amounts pur- 
“he chased and the price have varied within the last thirteen years. 
er. Effect of other crops.—Next to ground-nuts the most important export 
ort crop of Northern Nigeria is cotton, and much of the land on which 
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ground-nuts are grown can be used for growing cotton. The price of 
cotton relative to the price of ground-nuts influences the quantity of 
ground-nuts produced, because if the farmer expects to get a better 
return from an acre of cotton than from an acre wr parce -nuts, he will 
prefer to grow cotton in place of ground-nuts, and vice versa. 

The farmer’s first consideration in arranging his cropping is to grow 
sufficient fondevalla to feed himself and his family. The fear of locust 
infestation, therefore, may cause the farmer to plant corn and other food 
crops on the land which might otherwise be devoted to growing money 
crops. Again, there is a large internal trade in corn to supply the require- 
ments of labourers and town dwellers who have no farms, or only small 
farms. When the tin quota is high, the tin mines on the Bauchi Plateau 
employ extra labour, and so create an increased demand for guinea corn. 
If then the price of corn is high relative to the price of ground- nuts, the 
farmer will be encouraged to plant more corn in place of ground-nuts. 

Transport.—Owing to the distance of the producing areas from the 
port—some 600 miles—cheap transport is essential to the export trade. 
The building of the railway from Lagos to Kano has been the chief 
factor in making possible the export of ground-nuts from Northern 
Nigeria, and the subsequent extensions to Kaura Namoda and Nguru in 
1929 and 1930 have been responsible for increasing the export by some 
40,000 tons. ‘The cost of labour is cheap—a labourer’s wage varies from 
4d. to 1s. a day, depending on the district—and this makes the cost of 
handling charges low. The six months’ dry season enables cheap roads 
to be built for bringing the ground-nuts to the rail-head. 

Diseases —The only important diseases of ground-nuts are rosette 
disease and a leaf spot (Tikka disease) caused by the fungus Cercospora, 
but as their incidence is fairly low, little damage is done to the crop. 


Markets and Marketing 

Organization of markets.—The buying of ground-nuts in Nigeria is 
undertaken by eight European and West African trading firms, who have 
branches in Nigeria, and by certain private Syrian firms and individuals. 
The headquarters of these firms, for the buying of ground-nuts, are in 
Kano, and they have district headquarters i in the other provinces together 
with canteens in which articles of native trade are for sale. Canteens in 
charge of an African clerk are also established by one or more of the 
trading firms in the larger towns in the ground-nut-growing areas, and 
these serve as the chief buying-stations during the produce-buying 
season. Additional temporary buying-stations in charge of African 
clerks are set up in some of the smaller towns, so that it is seldom that the 
farmer has very far to travel to sell his produce. 

The African clerks in charge of the buying-stations may have two or 
three assistants, and they also have attached to them a number of middle- 
men who visit the farmers in their homes. The middlemen may either 
buy their crop outright and arrange transport to the buying-station, or 
they may arrange to take delivery of the crop when the farmers bring it 
into the buying-station for sale. Very frequently the farmers obtain 
advances from these middlemen before the crop is ready for harvest. By 
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July or August the farmers’ food supply is often running short—espe- 
cially if the previous harvest happens to have been a poor one—and they 
require cash to buy corn to feed themselves and their families. Again 
they may want ready cash to get married, or for some other family cele- 
bration. Frequently, too, the farmers obtain cash advances in order 
to pay their tax. ‘This cash is, in a few cases, provided by the middle- 
men out of their own resources, but usually the money is advanced 
by the trading firms to the middlemen and by the middlemen to the 
farmer. Although these advances appear to be mortgages on the 
growing crop, actually they are not so, because mortgaging of crops is 
contrary to Mohammedan law, and the advances must therefore be 
regarded as cash loans without any definite security. In practice, how- 
ever, the farmers nearly always sell their crops to the middlemen who 
adv anced them the cash. Occasionally a farmer may sell his growing crop 
for cash to a middleman, who will arrange to harvest the ground-nuts 
and transport them to the buying-station. Even if they do not advance 
cash, the middlemen frequently advance bags to the farmers for trans- 
porting their ground-nuts. ‘This too establishes a moral obligation for 
the farmers to sell their ground-nuts to the particular middleman. ‘The 
middlemen also visit the village markets on market days, and buy the 
ground-nuts brought in by farmers for sale. 

Whether the farmer sells his ground-nuts direct to the clerks at the 
buying-station or to the middleman, the sale is usually made after a 
process of bargaining. Although the prices are fixed for every buying- 
station, the farmer is accustomed to bargaining, and prefers to sell his 
sround- nuts in that way. U sually, he has a fairly shrewd idea of the 
value of his produce and he is not often cheated. 

The buyers—clerks and middlemen—all buy on a commission of so 
much a ton, and it is to their advantage to offer the highest prices 
possible in order to attract customers. ‘This acts as a safeguard to the 
sellers and helps to ensure that they receive a reasonable price for their 
produce. 

Price.—The price of ground-nuts throughout the main growing area 
is based on the price which can be offered in Kano, and is quoted in price 
per ton to the nearest half-crown. All increases and decreases are made 
in multiples of 2s. 6d. per ton. The price quoted is the price paid at the 
canteen. When the ground-nuts are sold to a middleman the price re- 
ceived by the farmer is reduced (usually 1s. per ton) to cover the cost of 
the middleman’s commission, and the middleman also deducts the cost 
of transport to the buying-station on which he is based. The price in the 
outstations is reduced by an amount equivalent to the cost of transport 
to the nearest railway station. 

Season.—The buying season for ground-nuts is from the middle of 
October to the end of March. Many of the outstations can be reached by 
road in the dry season only, and if there happens to have been an abund- 
ance of rain late in the season, the roads are cust not open to traffic 
till the end of November, so that the opening of outstations for the pur- 
chase of ground-nuts is often delayed. Most of the crop is sold by the 
end of January or the middle of February, and unless the farmers have 
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been holding their nuts for a rise in price, business becomes slack after 
that time. 

Inspection of ground-nuts.—Although it will be dealt with fully below, 
it must be mentioned here that a scheme of inspection of ground-nuts for 
purity and freedom from adulteration has been in operation since 1936. 
It has therefore become important for the buyer to see that the nuts 
offered for sale come up to the requisite standard of freedom from 
adulteration. The inspection is done at the railhead, but it is always 
possible to trace the ground-nuts to the buying-station at which they 
were bought, and often to the individual buyer, because the buyer’s bags 
are marked by the firm for which he works. 


Transport 





and 
may be a considerable distance from a road, but there are always paths 
connecting farms with the nearest village, whence regular tracks lead to 
the surrounding villages and towns. ‘There are not many farms more than 
30 miles from a large market. ‘Transport from the farm to the market is 
therefore done by head-load or by pack animals. ‘The commonest pack 
animal is the donkey, and most farmers in the main producing areas own 
one or two of these. Oxen and camels are sometimes used for transport 
from the farm, but they are utilized mainly for the longer journeys en- 
tailed in taking the produce from the market to the railhead. Frequently 
several farmers from a village join together and send their ground-nuts 
to market on donkeys in charge of one of their number. Middlemen use 
donkeys, or occasionally oxen or camels to carry to market the farmers’ 
crops which they have bought. A donkey will carry a load of 120 to 150 
lb., contained in two sacks hung one on each side of its back. The usual 
load for an ox is three or four bags of about 200 lb. total weight, and a 
camel will carry 250 to 300 lb. 

From market to railhead.—The distance from market to railhead may 
be anything up to 120 miles, but probably the average distance is about 
40 to 50 miles. The buying firms are responsible for this transport, as the 
nuts have by then been purchased from the producer. 

All markets are situated on a road, so that the ground-nuts can always 
be taken away by motor transport. The main roads are made up of 
water-bound metal, have bridges and culverts over the rivers and 
streams, and are therefore passable all the year round. Where the traftic, 
is mainly seasonal, or is not sufficient to warrant the expense of construct- 
ing an all-season road, dry-season tracks are made. Most of the rivers 
and streams dry up during the dry season and can be crossed easily by 
means of the drifts which are made up every year. Some of these roads 
have a light covering of road metal, but in the extreme north and north- 
east there is no rock, and tracks have to be cleared in the sand. After 
April, there is always danger of drifts being washed away, and all stocks 
dma in outstations served only by dry-season roads have to be 
cleared by the end of March. 

There are three main forms of transport used for carrying produce to 
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fter the railhead: (a) Government motor-lorry; (4) privately owned motor- 
lorry; and (c) native-owned animal transport. 
low, The Nigerian Government Railway operates a motor-transport service 
; foe p in certain areas to act as feeders to the railw ay. Scheduled mail services 
936. are run on definite routes, and transport can be hired to carry goods to 
nuts or from any station prov ided with a road [8]. Motor-lorries and trailers 
rom are used, capable of hauling a combined pay-load of from 5 to 8 tons, 
vays depending on the vehicle. ‘The rate charged used to be 6d. per ton-mile 
they for loads of 4 tons and over, but in 1936 the rate was reduced to 4d. for 
Dags consignments booked through to the port. Special rates, as low as 3d. 


‘ per ton-mile, are introduced from time to time for certain journeys, when 
the demand justifies it [9]. On an average the rate of transport of ground- 
nuts by railway motor-lorry works out at under 4d. per ton-mile. ‘The 

rates do not fluctuate much from year to year, and transport by railway 


and motor, although it is slow (lorries are governed down to 12 to 15 miles 
aths per hour, to prevent undue damage to the roads) it is reliable, because the 
d to lorries are always maintained in good condition. 

han The reduction in freights made in recent years is due to the replace- 
et is ment of petrol-driven lorries by Diesel-engined ones, with a consequent 
yack saving in operating costs. In recent years ‘there has been an increase in 
own the number of motor-lorries owned by Africans and Syrians. These 
port lorries are usually of 30 to 50 cwt. capacity, and are frequently sold by the 
en- trading firms to the Africans on a hire-purchase system. The freight 
ntly } charged is usually a matter for private bargaining and may be anything 
nuts from 2d. to 6d. per ton-mile, depending to some extent on whether a 
use return load is available. Frequently these privately owned lorries are 
ers’ | badly driven and are not maintained in good condition, but being small 
150 and light they can easily attain speeds of 30 or 40 miles an hour. Apart 
sual from other considerations it is often to the firms’ advantage to employ 
nd a privately owned lorries, because by promising their custom, they can 


make it worth while for an African or Syrian to purchase a lorry from 
may + them on the hire-purchase system. 


yout Before motor transport became as common as it is to-day, most of the 
; the produce was conveyed to the railhead by means of animal transport. 
The inhabitants of the extreme northern border of Nigeria, and of 
vavs French territory beyond the border, own large herds of pack oxen and 
D of camels, as well as donkeys. ‘These move south to the produce-areas 
and before the buying-season commences and engage in the transport of 
ffic. ‘ ground-nuts and other produce. ‘Their average rates of transport work 
uct- out at from 3d. to 5d. per ton-mile, the cost depending on whether a 
vers return load is available. On certain journeys where the motor-road to a 
y by buying-station is indirect, animal transport is very much cheaper, be- 
yads cause pack animals may be able to take advantage of a direct path through 
rth- the bush. The rates vary according to the cost of living. In years of 
fter , depression when prices are low and little produce is being bought, the 
ocks cost of living for the native is low and consequently animal-transport rates 
» be are low. At such times animal transport is often appreciably cheaper than 
motor transport. Animal transport has of course the disadvantage that 
e to it is slow. ‘Thirty miles is considered an average day’s journey. 
' 
! 
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Railhead to port.—Transport from railhead to ocean port is undertaken 
chiefly by the Nigerian halooy. Two exporting firms, however, use the 
river port of Baro on the Niger, and some of their ground-nuts are railed 
to Baro, whence they are taken downstream to Burutu, the ocean port, 
by the companies’ own steamers. Some ground-nuts are also brought 
down the Niger and Benue rivers by canoes, launches, or small steamers. 
The main line of the Nigerian Railway runs from Lagos and Apapa to 
Kano, 700 miles distant. From Kano a branch line runs north-eastwards 
for 143 miles to N’guru in Bornu province, through very productive 
ground-nut country [3]. At Zaria, 613 miles from Lagos, a branch line 
runs north-westwards to Kaura Namoda, tapping Zaria, Katsina, and 
Sokoto Provinces. The distance from Zaria to Kaura Namoda is 137 
miles. From Zaria, also, a light railway runs to Jos, and brings in pro- 
duce from the eastern part of Zaria Province. A branch line runs busi 
Minna, 462 miles from Lagos, to Baro, the river port on the Niger men- 
tioned above. The distance from Minna to Baro is 111 miles, and the 
distance from Kano to Baro is therefore 349 miles. A line runs from 
Kaduna Junction, 561 miles distant from Lagos, to Jos, but that and the 
Eastern main-line from Jos to Port-Harcourt carry only a small amount 
of ground-nut traffic. 

The freight on ground-nuts used to be charged according to distance 
and varied from 1-3d. to 1-6d. per ton-mile, the higher figure being for 
the shorter distances [9]. ‘The rates have been altered from time to time, 
but from 1925, for example, for five years or so the rate from Kano to 
Lagos was 86s. 3d. and from Kano to Baro 59s. 7d. Since 1936, however, 
the railway has charged a flat rate of £4 per ton for ground-nuts con- 
signed from all stations in the ground-nut-producing areas to Lagos 
(Apapa), and £3 per ton to Baro. In the ten years 1928-37 the average 
cost of transport and handling charges, as measured by the difference 
between the value of the ground-nuts at the port and the price paid up 
country, was {4. 10s. per ton.! 

The greater part of the ground-nut crop is shipped from Apapa, which 
is the port of Lagos. ‘The railway runs alongside the wharf, so that ship- 
ment can be made direct from wagon to ship. If this cannot be done, 
free storage is allowed in the railway transit shed for twenty-one days, 
and for longer periods at fixed charges [ro]. 

Ocean transport.—Three British and four continental companies main- 
tain steamship communication between Lagos and the United Kingdom 
and the European continent [3]. Of the British companies, two are owned 
by firms who engage in general trade with Nigeria, and they ship almost 
entirely ground-nuts bought by their own agents. The chief berth- 
ports are Liverpool, London, and Hull in the U.K., and Marseilles, 
Hamburg, Amsterdam, Rotterdam, and Antwerp on the continent. 

The distances from Lagos to these ports vary round 4,000 miles; some 
of the individual distances are (miles): from Lagos, to Marseilles, 3,904; 
to Plymouth, 3,912; to Liverpool, 4,154; and to Hamburg, 4,492. 

' Owing to the low prices for ground-nuts in 1938 and 1939 the Nigerian Railway 


reduced the freight temporarily to £3. 12s. per ton from the producing areas to Apapa 
and £2. 14s. to Baro. 
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Freight rates are fixed by a conference of the West African shipping 
companies, and the current rate for shelled ground-nuts in bags is: to 
United Kingdom berth-ports, 30s. per 2,240 lb.; to continental berth- 
ports, 30s. per 1,016 kg. (2,235 lb.). In addition to these the companies’ 
shipping charge of 2s. per freight-ton and the Government harbour dues 
of 5s. per ton, have to be paid.! 


State Aids to Production 


The Government of Nigeria has always realized the importance of the 
ground-nut industry and has given it every encouragement. Neverthe- 
less, the industry has grown and reached its present peak of production 
almost entirely by the efforts of the African farmer. Some assistance has 
been given to ground-nut-production by the Agricultural Department; 
it has been directed towards improving the yield by maintaining soil 
fertility, and by breeding more prolific strains of ground-nuts. 

Breeding and botanical work.—Work on ground-nuts was started as 
early as 1912, when some exotic varieties were introduced for trial [11]. 
These early introductions proved no better than the local varieties; they 
were ultimately discarded and new introductions were made in 1927 and 
1928. About this time also selection of the local varieties: for high yield 
was begun, and two promising strains of the upright type of sot see 
were isolated. One of these ‘Castle Cary’ is capable of yielding over 10 

er cent. more than any of the other upright ground-nuts, and it has also 
oa found to give a higher yield than the Kano spreading varieties. A 
start has now been made to distribute this variety to farmers. ‘Trials and 
selection of introduced and of local upright and spreading varieties are 
being continued. 

The oil-content of ground-nuts has also been investigated, as at 
one time it was feared that ‘Castle Cary’ contained less oil than the 
commercial nuts. This, however proved not to be so. Samples of com- 
mercial nuts (Niger nuts) obtained from various parts of the ground-nut- 
growing area gave analyses varying from 47-5 to 52-4 per cent. of oil. 
Low oil-content was usually associated with poor yield. 

Mixed farming.—Mixed farming in Northern Nigeria, and the en- 
couragement given to it by the Government, have already been described 
inthis fournal[4,12]. By adopting this system the farmer increases the size 
of his farm from 3 or 4 acres to 10 or 15 acres. Of the additional 8 acres 
or so he will probably devote 2 or 3 acres to food crops and cattle-fodder 
crops, and the remaining 5 or 6 acres to money crops, such as ground- 
nuts or cotton. The number of farmers who have taken up mixed farm- 
ing is not yet sufficient to affect the export of ground-nuts appreciably, 
but as their number grows an increase in the production of this crop may 
be looked for. 

Inspection of ground-nuts.—In 1936, when the high price greatly 
stimulated ground-nut-production, complaints began to be received 
of adulteration with sand, stones, beans, &c. Government, therefore, 


" Owing to the poor prices of ground-nuts in 1938 and 1939 the shipping companies 
made two successive temporary reductions in freight bringing it down to 23s. 6d. per 
ton to U.K. and continental ports. 
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decided to extend to ground-nuts the same system of produce-inspection | 
which had been operating successfully, since 1926, for cocoa, palm oil, | 


and — kernels in the southern provinces. Under the Government 
regu 


ations an advisory committee consisting of representatives of the | 


Agricultural and Administrative Departments, and of the commercial | 


firms, was set up to advise on the working of the scheme. The regulations 
provide that before they can be exported, the exporter must have all 
ground-nuts inspected to ensure that they have attained a specified 
degree of purity and freedom from adulteration. Native examiners, 
trained by the Agricultural Department, and under the supervision of 


European Produce Inspectors, are posted at the principal railway stations | 


from which ground-nuts are railed for shipment. The examiners inspect 
the ground-nuts as they are being loaded on the railway wagons. If the 
nuts do not reach the prescribed standard, they may be returned to the 
buying firm to be cleaned and thereafter re-examined, or they can be 
seized and detained and legal proceedings instituted against the owner of 
the nuts. A maximum penalty of a fine of {100 and one year’s imprison- 
ment can be imposed for adulteration and for contravention of the 
regulations. 

In the short time during which they have been in operation these 
regulations have done oh to improve and maintain the quality and 
purity of ground-nuts exported from Nigeria. It was found that the 
method of decorticating by beating the nuts on bare ground was respon- 
sible for some admixture with sand. The onus of ensuring that the nuts 
are up to standard is placed on the buyer and exporter, so that it is to his 


advantage to make sure that he does not buy adulterated nuts. In this | 


way the buyer is encouraged to educate the farmer to take care in pre- 
aring his nuts for sale. 

The cost of the scheme is borne by charging an inspection fee of 34. 
per ton on all ground-nuts railed from the provinces in which the scheme 
is in operation. 

Acknowledgement.—The writer is greatly indebted to Captain J. R. 
Mackie, Director of Agriculture, Nigeria, for his encouragement and for 
his helpful criticism and advice in the preparation of this paper. 
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= | PRIMITIVE FARMING IN NIGERIA: THE MUMUYE TRIBE 
f the | E. R. RUSSELL 
— ) With Plates 5, 6, 7 


e all | IN a recent paper in this journal Mr. J. G. M. King has described the 
ified | mixed farming now being introduced into Northern Nigeria as part of 
ners, | the British efforts to improve native agriculture. The purpose of the 
mn. of resent paper is to give an account of the primitive pagan son un- 
tions | influenced by European agricultural ideas, which is still carried on in 
spect large areas of Northern Nigeria. The great agricultural provinces of 
the | Adamawa, Benue, Plateau, and Kabba are farmed by pagan tribes, whilst 
>the | in Bornu, the largest province of all, the cultivation is mainly in the hands 
nbe either of pagan tribes,! or of ex-pagan tribes such as the Kanuri, who, 
erof although now converted to Mohammedanism, are entirely distinct from 
ison- the Hausa. 
~ the Pagan methods of farming vary with each tribe. In this paper the 
methods of the Mumuye tribe are described; these may be taken as 


hese | typical of pagan farming in Northern Nigeria. 

and | The accuracy of any inquiry among primitive people is always im- 
; the | paired by the difficulties of language—in the case of the Mumuye, 
pon- | translation from Mumuye to Hausa had to be done—and also the diffi- 


nuts | culty experienced by the people themselves in describing their methods. 
ohis | Where a European investigator seeks a reason for his methods, the primi- 
this | tive farmer usually works by instinct. Again, though he may in theory 
pre- | follow certain principles, in practice he varies them ten: Pag If, for 
instance, there is a bad harvest due to drought or locusts, then the prin- 
f 3d. } ciple of land lying fallow for a year may be abandoned. If high prices are 
eme being paid by the trading firms for ground-nuts one year, then the fol- 
lowing year land which should be under corn will probably be planted 
.R. with ground-nuts. 

1 for The Mumuye are settled within the bounds of the Adamawa province 
in the south-east of Northern Nigeria. Part of the tribe, though never 
} conquered by the Fulani in their invasion of the north in the eighteenth 
and nineteenth centuries, was brought within the Muri Emirate by the 
personal influence of the present Emir; part still forms the independent 
state of Zinna under their own chief. They farm a low hill country, 
:; rising abruptly in the south to a plateau with a mean level of 2,000 ft. 
varia Official statistics give the area within the Muri Emirate as 697 square 

938. . : : am 
ia miles with a population of 34,876, and the State of Zinna as 298 square 

+ miles with a population of 27,077. 

Because of the scarcity of land its inheritance and tenure become 
important. Each man owns four farms, together with a small plot near 
his compound for personal crops such as tobacco, maize, or, on the 

1é of plateau, cotton. Each farm may be only a portion of a large cultivated 

' Mr. King states that the cultivators of the soil are mostly the Hausa. This may 


+ beso in the Hausa States, but these are by no means all, or even half, of Northern 
Nigeria. 
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area, which to the European, accustomed to the well-defined boundaries } 
of home farms, seem to be one field, but each pagan knows his own crop 
down to the last corn-stalk by marks of stones or lines drawn from trees, 
This may be compared to the old English strip system, but is possibly | 
not so orderly. 

A man cannot own land until he has been initiated into the cults of the 
tribe, and since initiation ceremonies are only held every seven years, 
and only one son by the same mother may be initiated at the same 
ceremony, claims for ownership are spread out. When the eldest son is 
initiated the father may divide his four farms, giving his son half of each, 
sufficient to support him and his family should he marry. The next son 
will have to wait a further seven years before he becomes eligible for 
ownership. By that time, as the Mumuyes age rapidly and are not a long- 
lived race, the father may be glad to subdivide his remaining portion of } 
farms, with the prospect of inheriting the entire half. If this scheme is 
not sufficient, the younger son may take a two-year lease (the recognized 
length) from a neighbour on payment of goats. Sons can also inherit 
through their maternal uncles, who act as a sort of godfather, helping 
with bride money. As there may be several wives, so there may be 
several maternal uncles to help with the family, though each uncle will 
only help with his own sister’s child. 

Though on paper this system of subdivision may appear to lead to | 
indefinite splitting up of land, in practice, especially until recent years, 
the wastage of life through local wars and disease kept down numbers. 
Even so the Mumuyes were always short of land and most of their inter- 
tribal wars were due not to quarrels over women or goats, as is usually | 
the case among pagans, but over land raids against neighbouring | 
villages. However, since farms cannot be split up indefinitely and must 
be kept large enough to provide food for the family, the peaceful con- 
ditions resulting from British rule have led to the emigration of many of 
the younger sons into neighbouring territory to farm or to take up work 
for wages, usually as servants or labourers to well-to-do natives in the | 
larger trading centres. 

The four farms are worked according to a rotation of crops, though, as 
already stated, this system is liable to modification. Either guinea corn , 
or millet is grown on one of the four farms continuously for six or seven 
years till the land is exhausted; guinea corn is usually found on the plain 
and millet on the hill farms, or the two may be mixed together. When 
the land is exhausted it lies fallow for a year, and then comes into the 
yam rotation of crops. On the remaining three farms, the farm which 
the previous year has lain fallow is planted with a multiple crop. Yams 
are grown on heaped up earth, corn or millet is planted in the furrows, ' 
and small crops such as beans or sweet potatoes on the side of the yam 
heaps. Since these yam heaps are prepared ready for planting while the 
present yam crop is ripening on this season’s multiple farm, the latter 
is devoted in the following year to corn, again with a small bean or 
pumpkin crop grown amongst it, or, if ground-nuts are paying well, to 
groundnuts. A bride will often be given ground-nut seed by her mother | 
as part of her dowry; she gives it to her husband, he plants it, she digs 
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up the crop, and he gets the money. The third farm should lie fallow, 
but again ground-nuts are sometimes planted. But in these three farms, 
one farm is always given a rest at intervals, and the heavy multiple crop 
is always planted in the following year. A tall crop and a ground crop 
are considered to be complementary, each drawing its own nourishment 
from the soil. However, the yield per acre of the multiple crop is always 
poorer than when a single crop is grown. 

Manuring is done in the dry season by turning out the stock on to the 
farms. Goats and sheep are the only stock kept in any numbers; they are 
used for currency—bride money, fines, and rent all being paid in this way. 
Small herds of cattle are kept by a few pagans. In districts where good 
grazing can be offered farmers often club together to pay the Fulani 
herdsmen to bring their cattle on to the farms in the dry season, and so 
manure them in this way. In the hill farms rough terracing is used, but 
there is a good deal of soil erosion. In spite of the rest given to the land, 
and the attempts at manuring, the yields are poor; the average yam is 
only one-third the size of that produced on pagan farms where more land 
is available, and the guinea-corn head is about half the usual size of that 
on the Muri plains. 

The people are grouped together in kin groups, each group springing 
from a common male ancestor. The group is subdivided into ‘dolassas’, 
or farming guilds. Should a member move his household some distance 
away from the parent group owing to land scarcity, he will still be 
attached to the cult of that group, although he may have joined a farming 
guild in his new neighbourhood from practical convenience. Member- 
ship of this new group for agricultural purposes does not mean that he 
severs connexion with his old group for religious purposes. Usually all 
farm work is done by the family, but if a member wants help on his farm 
for hoeing or harvesting, the other members of his farming guild will 
help in return for beer. If he can offer no beer, then he must do his own 
work. If a guild is short of beer, then members may work for another 
guild which can offer beer. 

Disputes over boundaries and stealing of crop are stopped by the 
‘Lauru’, the visible representative of the tribal cults. Each group has its 
Lauru; and though the Lauru, in the same garb but in another capacity 
and known by other names, makes appearances throughout the year, in 
his farming capacity, when he is known as the Panti Va, he makes only 
two. The first is when, dressed in his old cloak, a long gown made of 
rafia, surmounted by a horned mask, he walks the bounds of the new 
yam farms. These farms, about to be hoed out from ground left fallow, 
have reverted in the course of the rainy season to thick bush, and without 
this festival of marking the bounds disputes would certainly arise with 
the disappearance of old landmarks. The second appearance, about a 
month later, is when, dressed in his new gown made for him by the last 
group of initiates, he presides at the harvesting of the corn. ‘This again is 
a work done in common, when, but for his presence, there might be 
thieving. Between these two appearances he is said to live in the bush. 

The other manifestation of the tribal cults which is concerned with 
farmers is the Rain God who lives in the hills. In times of drought 
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representatives of communities will set off for his home and beg for rain. 
It is said that so closely does the rain follow the return of the messenger 
that his footsteps will be washed away before they can be obliterated by 
other traffic. 


Empu 


Farm work is done between the first rains of April, when the corn is 


sown and the land hoed up, and December, when the last crops are cut. 
The earlier months are devoted to routine hoeing to keep down the 


weeds. Two or three hoeings are done: the first when the corn first | 


appears to let it get started, and others to stop it getting choked. Plough- 
ing is unknown, the only instrument used baie the short one-handed 
hoe. By October the crops are strong enough to withstand the weeds, 
and with the lessening of the rains, work is started on the new yam farms, 
which have to be hoed out of secondary-growth bush before the ground 
dries up. The Lauru festival already mentioned takes place, lasting four 
days, + Pas which the male members mark out the farms during the 
day, and drink vast quantities of beer through most of the night. The 
grass and weeds from the hoeing are left on the surface to dry and are 
then burnt, thus giving a certain amount of potash to the soil. 

By November the rains are finished, but the dew is considered most 
important for swelling and ripening the corn. When I was there swarms 


of locusts in November caused great distress by eating the leaves of the 


corn, and the farmers declared that the crops would be ruined, as the 
leaves catch the dew and preserve the moisture. 

The small maize crops grown round the hamlets ripen much earlier 
than the guinea corn. They are cut in August and then hung in great 
bunches com trees in the compound where they are safe from hens and 
rats. November sees the lifting of the ground-nut crops, which are dried 
by being spread out on the rocks, shelled, and then taken into the nearest 


canteen or sold to travelling merchants. The money thus obtained goes | 


to pay taxes and buy salt for the coming year. The ground-nut crop is 
recent, having been introduced into the traditional farming rotation since 
British firms offered markets for it. In November, too, long grass suit- 
able for thatching huts and for weaving mats to surround the compounds 
must be cut. On the yam farms the soil heaps are prepared in readiness 


for the new roots when the present crop is lifted. Corn bins, made of , 


beaten earth, are re-roofed and patched up ready for the harvest. 
December is the great harvesting month. The yams are lifted and the 
root-end planted in the new heaps. Corn and millet are cut, and the 
Lauru all his second appearance. The grain is dried on the rocks and 
the stalks are stored for roofing and fencing. Great quantities of beer are 
again drunk, the helpers in each farming guild keeping up their drinking 
and singing till well into the night, snatching a few hours sleep before 
starting off again next day. 

January, February, and March are the slack months for farming, when 
the bush is burnt and the goats turned out. The young men, in recent 
years, set off in hunting-bands far afield, killing all the game they can 
find with bow and arrow, drying and storing the meat for the coming 
year. For the Mumuyes are a great meat-eating people, and owing to the 
intensive farming in their own country they have long ago killed all game 


XUM 


Empire 


XUM 


nl. of Exper. Agric. Vol. VII, Pl. § 





1. A yam farm being prepared for the planting of the root. Planting is carried out by placing 
each cut-off end of a yam in one of the mounds shown 





2. A Mumuye farm sown with a multiple crop. Guinea corn is planted in the furrows 
and a small bean crop on the side of the yam heaps 
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3. A Mumuye compound, showing the mud huts thatched with grass and surrounded by 
woven grass mats i 





4. Typical Mumuye farming country. Trees are often left growing on a corn farm. The 
hillsides are cultivated wherever possible even though the soil is often extremely poor. Rough 
I ve 
terracing is used 
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, there. This wholesale slaughter of game by Mumuye bands is raising 
protests from all sides, but so far nothing has been done. 

This traditional tribal life cannot survive for long. The British, 

| though they are interested in farming and wish to encourage the pagan 
farmer, have already contributed two factors towards hooting up this 
corporate life. First, by stopping intertribal wars and bringing peace, 
members of the tribe who are unable to get farming land within the 
Mumuye country are emigrating and taking up land in other parts. 
This is bound in time to lead to modification of old tribal customs. 
Already Mumuyes are being born who have never seen their home 
country. 

Secondly, the idea of farming as a natural means of subsistence is 
giving place to the easier method of earning wages for labour given. 
Among a tribe like the Mumuye, whose life has always been close to the 
border-line and full of hard work, it is a great temptation to the young 
men to drift off to the towns where they can get sufficient food and money 
for their very small needs without much effort. Already the principle 
trading towns of Adamawa are full of young Mumuyes, working as 
donkey drivers, servants, builders’ assistants, and similar under-posts. 

__ The elders, both among the Mumuyeand other pagan tribes in Adamawa, 
/ are complaining that their sons are more interested in buying clothes and 
lounging in the towns than in working on the land. ‘Thus pagan farming 
is in a state of flux, with the loosening of the traditional methods of 
cultivation and the loss to the land of many of the young men. It would 
seem a matter of vital importance that agriculture should remain the 
principal occupation of the country, and that Nigeria should not suffer, 
as Britain did in the nineteenth century, from a drift to the towns. 





(Received Fuly 28, 1939) 
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THE RECLAMATION OF MOORLAND 
Pr. Il. RECLAMATION EXPERIMENTS IN SCOTLAND 
W. G. OGG anv IAN M. ROBERTSON 
(Macaulay Institute for Soil Research, Aberdeen) 


IN a previous contribution [1] an account was given of modern methods 
of reclamation; the present article deals with work carried out in 
Scotland, and prtiaallecley with two experiments on very different types 
of peat. 

Apart from inconsiderable stretches in a few localities, practically all 
the peat-land in Scotland belongs to the Moorland or Moss group. It 
has not been surveyed in detail, but the main types are known. ‘Two of 
the most widespread are the Scirpus type found abundantly in the west 
and north, and the Eriophorum (with Calluna and Sphagnum) type of 
the east and south. The experiments were carried out on these two 
types. 

Early reclamation work.—A great deal of the agricultural land in 
Scotland has been reclaimed from ‘wet heath’ consisting of thin peat, 
mainly derived from Calluna and usually overlying boulder clay. ‘This 
type of land may be dry during part of the summer, but is usually very 
wet in winter. Much of it has been reclaimed and converted into good 
arable land through the efforts of small farmers. After it has been 
drained and limed, cultivation incorporates the thin peat with the 
underlying mineral soil, and the reclamation operations do not differ 
materially from those adopted for mineral soils. 

Deep peat has not been cultivated extensively in Scotland. Except 
during a a in summer, land of this type is usually too soft to 
carry stock, an 
for summer grazing. In many districts there are farms where a few 
fields have been reclaimed from deep peat, and it is noteworthy that, in 


most of it has been left in its original condition and used | 


some places, wooden-box drains, similar to those used in modern | 


reclamation work, were employed over a century ago. Where mineral 
land was available farmers avoided the peat-land. 

In districts, such as the island of Lewis, where most of the land is 

eat-covered, crofters had no choice and some reclamation of deep-peat 
ee was undertaken. It was usually done on the ‘lazy bed’ system, in 
which narrow strips were drained by digging ditches round them, and 
heaping the material from the ditches on the strips to be cultivated. 
The cultivation of these small areas has, as a rule, to be done by hand. 
In addition to problems of draining, there were, in the past, difficulties 
with regard to manuring. Moorland peat is very deficient in phosphates, 
and until cheap supplies of phosphatic fertilizers became available it was 
difficult to make up this deficiency. 

In many places considerable areas were brought into cultivation after 
the peat had been wholly or partially removed for fuel, and in the 
reclamation of the Moss of Blairdrummond by Lord Kames, the peat 
was floated down the river Forth, and the rich alluvial land below the 
peat brought under cultivation. A good deal of land in the Vale of 
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Menteith has been reclaimed by covering the surface with a layer of 
earth or by stripping off the peat, and either floating it away or using it 
for fuel. In many other parts of Scotland peat mosses were reclaimed, 
usually after most of the peat had been removed for fuel. For instance, 
in the province of Buchan in Aberdeenshire, no fewer than 59 areas, 
amounting in all to 3,500 acres, were brought into cultivation [2]. 

The greater part of the deep-peat land in Scotland, however, remains 
in its original condition and no attempt has been made either to reclaim 
it or improve it for grazing. 

Recent reclamation experiments—During the past ten years two 
large-scale experiments have been carried out on deep-peat land by the 
Macaulay Institute, one in the island of Lewis on slimy highly colloidal 
peat (Scirpus type), and the other in Lanarkshire on fibrous peat 
(Eriophorum type). 

In Lewis the cost of the experiment was borne by Mr. 'T. B. Macaulay 
of Montreal, a Scots Canadian whose ancestors came from that island. 
About 95 per cent. of Lewis is moorland and one of the main purposes 
of the experiment was to demonstrate modern methods of reclamation 
to crofters with a view to encouraging them to reclaim additional land 
in their spare time. An experimental farm was established on 147 acres 
of virgin peat on Arnish Moor, about 3 miles from Stornoway. About 
60 acres have been fully reclaimed for cultivation and the remainder has 
been used for experiments on the improvement of moorland for grazing. 
Reclamation was commenced in January 1929, and since 1930 dairying 
has been carried on at the farm. The establishment of the farm has been 
described elsewhere [3]: 

The altitude is about 100 ft. above sea-level, and the average annual 
rainfall is 50 in. The relative humidity in this region is very high 
throughout the year. 

The Lanarkshire experiment has been financed by the Commissioner 
for the Special Areas in Scotland. In exploring the possibilities of the 
undeveloped resources in the south of Scotland, where unemployment 
is most acute, the Commissioner decided to carry out this experiment, 
in order to obtain information on the cost of reclamation by modern 
methods, and on the value of the land after it had been reclaimed. 

Woodend Farm, near Carnwath, in Lanarkshire was acquired and 
two peat mosses, Woodend and Blackgate, which form part of this farm, 
were used for the experiment. An area of 250 acres has been fully re- 
claimed and put in crop, and about 200 acres have been partially 
improved as grazing land. Reclamation was started in 1936, and the 
land is now being farmed by the Department of Agriculture for Scotland 
as part of Woodend Farm. 

The altitude is 700 ft. above sea-level, and the average annual rainfall 
35-40 in. The relative humidity in this district is considerably lower 
than in Lewis. 


Character and Physical Properties of the Two Types of Peat 


Macaulay Farm, Lewis.—The Eat belongs to the Scirpus type of the 
Moorland group. This type is developed under oceanic conditions of 
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climate, and is associated with fairly high rainfall and high relative 
humidity. The present vegetation consists mainly of Scirpus caespitosus, 
together with varying, but usually sparse, amounts of Calluna vulgaris, 
The mosses are mainly species of Hypnum and Sphagnum. The less 
abundant plants include Eriophorum vaginatum, E. angustifolium, 
Narthecium ossifragum, Erica Tetralix, and Molinia caerulea. 

The peat varies in depth from about a foot to 15 ft. or more. Over 
most of this area the depth is at least several feet, and the underlying 
ground consists of a stony boulder clay derived from Lewisian gneiss. 
Sections of the peat show a succession of layers of different composition, 
indicating changes in the climate and vegetation. Near the bottom the 
remains of roots and trunks of trees are found, but the surface-layers, 
with which we are concerned, are derived mainly from Scirpus. 

Fraser [4] describes Scirpus peat as pseudo-fibrous. The remains, 
especially the stems and roots, of Scirpus, Sphagnum, and various other 

lants, can be recognized readily but, although it looks fibrous, this peat 
is soft, plastic, and highly colloidal. When squeezed in the hand, it 
squelches through the fingers like mud with very little loss of water, 
and the fibrous appearance is destroyed. It can absorb a large quantity 
of water and when dried it shrinks and cracks. The colour of this peat 
varies from light to medium brown, but on exposure to the air it becomes 
black. It develops under more or less anaerobic conditions. The ground 
is gently rolling, and over considerable parts of the area slopes quite 
outed. 

Woodend Farm, Carnwath, Lanarkshire-—The peat belongs to the 
Eriophorum (with Calluna and Sphagnum) type of Moorland. This is 
a raised-moss type developed on a marshy ake, and the slope in some 
parts is so slight that drainage presents difficulty. 

It is developed under fairly high rainfall conditions, but the relative 
humidity in this district is lower, especially in summer, and the summer 
temperature is higher than in Lewis. The surface vegetation consists 
mainly of well-developed Calluna vulgaris, Eriophorum vaginatum and 
species of Sphagnum and other mosses. Other plants occurring are the 
same species as in the Lewis bog, but the numbers vary—for example, 
Scirpus is not abundant. 

The peat varies in depth from about 15 to 25 ft. and occupies hollows 
in morainic deposits. Sections of the peat show a surface-layer of light, 
— decomposed moss peat overlying well-decomposed dark 

rown material with remains of trees in the lowest layers. 

In its surface-layers this is a fibrous type of peat. ‘The plant remains 
are easily recognizable and seem comparatively fresh. When a handful 
of this peat, in a wet condition, is squeezed, water flows from it as from 
a sponge, and the fibres are not destroyed as in the Scirpus type. The 
lower layers are more decomposed, and resemble more closely the Lewis 
type both in colour and general properties. The fibrous surface-layers 
of this type do not shrink on drying to anything like the same extent as 
in the Scirpus type, and after draining remain more or less open in 
texture. 

Chemical composition.—The organic constituents of the two types have 
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vé | been studied by Waksman’s method (with slight modifications) and 


- Table 1 gives some of the results obtained [5]. 
r1S., 
SS TABLE 1. Composition of the Organic Matter in Moorland Peats 
-, ; (Percentages of total organic matter) 
rer _—o | Hemi- | 
ng - celluloses _ Cellulose Lignin | Protein 
SS, Eriophorum (with Calluna and Sphagnum) 
mn, type 
he Lanarkshire 

Surface. : . : , 16°6 14°0 32°8 3°6 
rs, ) Sub-surface ; F ‘ 18-7 13'0 28-7 3°1 

Scirpus type 
1S, Lewis | 
er Surface. P ‘ , ‘ 22°4 13°8 41°4 4°1 
sat Sub-surface - : . : 12°8 8-7 51°8 4°8 
it ; 
er, The results agree with those obtained by other workers for the 
ity } moorland class of peat. In both types there are considerable amounts 
sat of cellulose and hemi-celluloses and the lignin and protein are lower than 
es in fen types. It may be noted that the lignin and protein percentages 
1 types y 3 e lig protein percentag 
nd | are higher in the Scirpus than in the Eriophorum type. 
ite The mineral contents of the two types are compared in Table 2. 
he ‘TABLE 2. Composition of the Mineral Matter in Moorland Peats 
is | (Percentages of oven-dry peat) 
al age a CaO P.O; K,O N 
ve Eriophorum (with Calluna and Sphagnum) | 
er a | | 
; Surface . ‘ : ‘ : , o°5 or12 0°09 1°95 
ts Sub-surface ’ : ; . | 03 0'09 0°07 2°20 
id Scirpus type | 
he Surface . ; ; ; - -| @3 o'10 0°09 1°90 
le, ? Sub-surface ‘ ; ; : : o'2 0°05 O05 | 1°40 
NS The results show that both types have extremely low contents of lime, 
It, phosphate, and potash. The nitrogen-content of the Eriophorum type 
rk is higher than that of the Scirpus type, but in both types it is largely 
unavailable. 

~ i -” : ‘ , 
ul Character and Composition of the Types in Relation to Agricultural 
m Possibilities 
1€ The outstanding difference between the two types is in physical 
is character. The Scirpus type has its colloidal characters more highly 
rs developed, and, under natural conditions, forms a plastic mass, which is 
aS almost impermeable to the passage of water, and makes drainage very 


in} difficult. In addition the climate of Lewis is very humid, so that the 
__ difficulties of draining the land are twofold—climatic and peat-type. The 
e Eriophorum type is much more easily drained and is associated with a 
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more favourable climate. The plastic character of the Scirpus type also 
affects cultivation, and it is much more difficult to secure a satisfactory 
seed-bed on this than on the fibrous Eriophorum type 

The determination of the organic constituents by Wohemon’s method 
throws little light on the agricultural possibilities of these two types, 
In contrast with the fen types, which are more fertile naturally, they 
show a higher content of cellulose and hemi-celluloses and a lower 
lignin-protein content. Both types have, however, a much lower mineral 
content than the fen types, and, for agricultural utilization, it is necessary 
to build up the mineral content. Both types have a high degree of 
acidity—the pH ranging from 3-5 to 4:5—and require the addition of 
lime for the growth of agricultural crops. 


Reclamation 

The general principles of modern moorland-reclamation described 
in a previous communication [1], were followed in both experiments. 
In this article, therefore, only details and comparisons are given. 

Draining.—In Lewis the drainage system consists of open ditches 
100 yds. apart, and covered subsidiaries (with wooden-box drains) 
22 yds. apart. ‘he work was done entirely by hand-labour. In most 
parts of the Lewis farm drainage has not been satisfactory. This may 
be attributed mainly to the highly colloidal nature of the peat. Con- 


tributory causes were faulty construction of some of the boxes, and the | 


fact that the ditches were not left open long enough before the boxes 
were laid. Improvements have been effected on part of the farm by 
reopening the drains and correcting these mistakes. Experiments have 
also been carried out by making drains at different distances apart, and 
it has been found that, on particularly bad areas, drains even 5 yds. 
apart did not render the land sullicientty dry. In order to reclaim such 
areas, it may be necessary to leave the ditches open for several years 
before laying the box-drains, since shrinkage of anything up to 2 ft. 
may take place. In addition, since climatic conditions are unfavourable, 
a considerable period may elapse before this takes place. On some parts 
of the farm, a ate there was a good fall, and where the peat was less 
colloidal, drainage was not difficult, and it was possible to establish 
yasture for summer grazing with only a few shallow open ditches. It 
a also been found that, if pasture can be established on the more 
difficult areas and left for a fn years, drainage can subsequently be 
carried out much more readily. 

In the Lanarkshire scheme the drainage-system consists of open 
main ditches 200-300 yds. apart discharging into the Dippool Burn, 
and covered subsidiaries (with wooden-box drains) 20 yds. apart. In 
digging the main ditches an excavator with a large scoop was im- 
provised, and was worked by a small, single-cylinder engine. This was 
found to be very useful where the peat was soft and wet, and especially 
for redeepening an existing trench. The subsidiaries were cut to a 
depth of 20-4 in. by means of a large draining-plough, which was 
modified for this purpose and was drawn by a 30 h.p. Fowler crawler- 
tractor. These ditches were then cut to their full depth of 4 ft. by hand. 


—— 
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In order to allow for shrinkage of the peat, the ditches were left open for 
bry at least a year before the wooden-box drains were laid. The use of the 
draining-plough halved the cost of cutting the subsidiary drains. ‘The 


also 


hod _ cost of draining varied with the character of the moss, but the following 
on | figures represent the average costs per acre: 

hey |S 

wer > £ 

eral Main ditches . ‘ ; ‘ ; . : . approx. 2 

4 Cutting subsidiary drains ms 4 

| Making and laying wooden-box drains (incl. cost of timbe r) a. 

~ O 

1 of = 


The cost was much less than in Lewis, and the drains were, in every 
way, more satisfactory. Part of the drainage-system in the Lanarkshire 
scheme has been in operation for over two years, and the land is now 
bed sufficiently dry for horses to be used for haymaking and harvesting 


nts. operations. 
Liming.—In both schemes most of the land has been treated with 

‘hes lime at the rate of about 2 tons CaO per acre. In Lewis shell sand, 
ins) which is available nearby, was used, and in Lanarkshire part of the area 
10st was treated with ground lime and the remainder with paper-works waste 
nay lime. Experiments were carried out in Lewis with different forms and 
—_ different amounts of lime. No difference was observed with the different 
the forms, and as shell sand was cheapest, this was used. In certain areas in 
xes | Lewis, particularly areas which were not fully reclaimed but improved 
by as grazing land, shell sand was applied at the rate of 1 ton CaO per acre. 
~~ In Lanarkshire yields of hay have shown that there is no difference 
and } between lime and paper-works waste lime provided the applications 
‘ds. are made on an equivalent CaO basis. 
uch | Manuring.—In Lewis experiments have been carried out with 
ars various manures, and details of these have already been published [3]. 
ft. The deficiency in phosphates was very marked and without phosphatic 
ble, manures no crops could be grown. Excellent results were obtained both 
arts | __ with basic slag and ground mineral phosphate. The fact that the nitro- 
less gen in newly reclaimed moorland is unavailable was also clearly demon- 
ish strated. 

It At Woodend in Lanarkshire the standard manuring was 9 cwt. per 
ore acre high-grade high-soluble basic slag, or its equivalent as ground 
be mineral phosphate, and 4 cwt. per acre 30 per cent. potash manure salts. 

Various dressings of both phosphatic and potassic fertilizers were 
en) ~— applied, but from crop- “yield it was found that the standard dressing 
mM, was more or less optimum. After the crop had become established, 

In nitrogenous fertilizers were applied. Nitro-chalk and nitrate of soda 
im- were used, and the most suitable rate was 1-1} cwt. per acre. Dung was 
vas available for small experimental plots only, but relatively small dressings 
illy produced marked increases in yield. 
du Cultivation.—In Lewis most of the cultivation work was done by means 
vas of a Lanz Frise, a German moor-cultivator working on the rotary- 
er- plough principle. It was a heavy machine weighing 6 tons and had an 
nd. 80 h.p. petrol-engine. The wheels were fitted with broad drum-shaped 
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attachments to prevent the machine from sinking, and the cultivation 
was done by bent steel knives fitted to a rapidly revolving horizontal 
cylinder. On firm level ground this machine did excellent work, but 
on wet uneven land it beauty became bogged and hence proved 
expensive to operate in Lewis. Two cultivations produced a satisfactory 
seed-bed. Cultivation by means of a large moor-plough followed by 
harrowing was also tried. This appeared to have a beneficial effect on 
drainage, but it was difficult by this method to secure a good seed-bed 
on the slimy Scirpus peat. An implement which proved useful in pasture- 
improvement work was a rotary-spade harrow of a type used in Finland, 
Sweden, and certain parts of Germany. This harrow has a number of 
cross-bars carrying knives arranged like a series of four-bladed pro- 
pellers which revolve as the implement is dragged along. The blades 
dig into the peat and cut it up, and by going over the ground two or 
three times a surface suitable for grass seeds can be produced. ‘This 
implement can be used on land which is too wet and uneven for the 
heavy moor-cultivator. It proved useful in Lewis. 

Cultivation in Lanarkshire was carried out with a Fishleigh rotary 





cultivator, operated by a crawler-tractor, and, since the natural vegeta- | 


tion of peat-land does not readily recover after mechanical treatment, a 
good clean seed-bed can be obtained by means of this implement. Only 
in certain isolated areas, where rushes and arable weeds abounded, was 


the land ploughed, and in these cases broad, completely inverted fur- | 


rows were cut, and the back of the furrows cultivated with the Fishleigh 
cultivator. 

The general scheme was to burn off the surface vegetation, and culti- 
vate after liming. Manuring was then carried out, after which the area 
was cross-cultivated to a depth of 4-6 in. A double set of heavy harrows 
was used to level off the surface and prepare the seed-bed, and after 
seeding light harrows were used. The next operation was rolling and a 
large water-filled roller weighing 3 tons was used. Heavy rolling is an 
extremely important operation on moss land, especially after frosty 
weather. 

Cropping.—At the Macaulay Farm in Lewis a variety of crops has 
been grown, and, where drainage was reasonably good, successful 
results have been obtained. The best-drained field was sown out in 
grass immediately after reclamation in 1929. A good crop of hay was 
obtained in 1930, and for the next six years the field provided excellent 
grazing for the dairy herd. When it was broken up, it had become rushy, 
but wild white clover was abundant. The results obtained on the other 
fields were less satisfactory. Oats and silage were grown successfully, 
but, on account of drainage conditions, the crops were very patchy. 
Small areas of potatoes were grown but the yields were very variable. 
Raw ill-drained areas were a failure, but where the peat was well 
drained and had begun to decompose, yields of 8 tons per acre were 
obtained. Deep tillage appeared to be necessary. Among the vegetable 
— grown neuvaiieliy were carrots, cabbages, leeks, celery, onions, 
and parsley. These also required good drainage and deep cultivation. 

One of the most satisfactory results obtained in Lewis was in the 
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ion | establishment of pasture on moorland without cultivation. Areas where 





ital there was sufficient slope to facilitate drainage were chosen for this work, 
Dut and, where necessary, shallow open ditches were cut. In some areas the 
ved surface was broken by means of the rotary-spade harrow, but as a rule 
ory no cultivation was done. The land was treated with shell sand, potassic 
by ? slag or potassic mineral phosphate, and sown out with grass and clover- 
on seed cleanings. In this way, at a cost of about £2. 5s. per acre in materials, 
red good clovery pasture was established on barren moorland. 
re- At Woodend Farm, in Lanarkshire, most of the fully reclaimed area 
nd, of 250 acres was sown with grass- and clover-seed mixtures without 
of nurse crops. Timothy and rye-grass cropped very well, and in one 
ro0- , instance a field of Italian rye-grass yielded two cuts in its second year. 
Jes Clovers have become well established and an excellent growth of wild 
or white clover has been obtained. Yields of hay in the first series of 
his experiments in 1938 averaged about 1 ton per acre. In 1939 this average 
the rose to nearly 1} tons per acre, with a maximum cut of just over 2 tons 
on some plots. Plots treated with basic slag yielded almost three times 
ary as much hay as those receiving the same P,O, dressing in ground mineral 
ta- ' phosphate. 
ya Silage crops containing beans, peas, tares, and oats were grown 
aly successfully in the two seasons and as much as 10 tons per acre fresh 
va | crop was cut. Potatoes grew well and yielded 6 tons per acre of very 
IT- clean, even tubers. There was, however, difficulty in working potato 
gh drills in the newly cultivated peat-land. Oats grew well but ripened 
a slowly and tended to lodge. Crops which were, more or less, a complete 
ti- failure were rape, marrow-stem kale, and turnips. All legumes were 
ea inoculated before sowing, and in areas sown with uninoculated seed poor 
WS growth of clover was observed in the first year. The difference had, 
ter | however, disappeared by the second year. 
la | Cost.—The cost of reclamation varied according to the condition of 
an the peat and the difficulties of draining. In soft, semi-fluid peat, drains 
sty could only be cut out some inches at a time, and this together with 
, Shrinkage gave a higher wage cost for a 4 ft.-deep drain than in hard 
as | firm peat where one, or at most two, excavations sufficed. The following 
ful figures, which include charges for labour, materials, and haulage, may 
in be taken as average for conditions such as prevailed in Lanarkshire: 
‘as 
nt £os.d. 
Ly, Drainage 4 : y : ‘ . t3 oo 
er } Liming and manuring . : : »§ 6 Se 
| Cultivation, harrowing, and rolling . . 2 ee 
a Seeding ; : ; ‘ : . brmoo 
a £22 0 oper acre 
ell 
re In the Lanarkshire experiment all the men employed except the 
ile foreman were previously out of work and drawing unemployment 
1s, | benefit, and in reclamation work, undertaken by the State for the relief 
n. of unemployment, allowance would require to be made for this as labour 
he constitutes the major part of the cost. 
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Summary 


The experiments have provided information on the reclamation of | 
two of the most extensive types of moorland in Scotland. Accurate | 


costs have been obtained for the reclamation of the Eriophorum type, 
and it will be seen that by far the heaviest item is the cost of draining. 
The results show that, with draining and suitable treatment, both types 
of peat produce satisfactory crops. The Scirpus type, however, is less 
satisfactory than the Eriophorum; it presents much greater difficulty 
with regard to draining and is consequently more expensive to reclaim. 
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THE CULTIVATION OF MALTING BARLEY IN ENGLAND 


H. V. GARNER anp J. W. WEIL 
(Rothamsted Experimental Station, Harpenden, England) 


TuE purpose of this paper is to put on record the agricultural data de- 
rived from five conferences on malting barley held at Rothamsted in the 
years 1934-8. The conferences were arranged to enable growers to dis- 
cuss with expert barley buyers the grading of a large number of samples 
whose agricultural history was known. ‘The proceedings were reported 
in the agricultural and technical journals each year [1]. 

Samples.—In all some 1,200 samples of barley were sent in by their 
growers, who regarded them as being of malting standard. Since those 
who took part presumably did so because they were keenly interested in 
the conditions leading to the production of a good sample of malting 
barley, and were prepared to go to considerable trouble to select and 
dispatch samples and fill in a comprehensive questionnaire, it should be 
emphasized that the barleys under review were not a random sample of 
English barleys. ‘Those crops that failed to reach malting quality were 
largely excluded, and it is reasonable to assume that the growers were 
considerably above the average in technical interest and skill. A good 
farmer generally expects to grow crops well above the average of the 
country, and so it turned out in this instance. ‘The material collected 
may be used to give some general idea of the methods adopted and the 
results obtained by barley producers of more than usual ability. Assum- 
ing that each sample represented a field of about 10 acres, some 0-3 per 
cent. of the total barley acreage, or approximately o-5 per cent. of the 
acreage of barley of malting quality, was covered each year. 

The barleys came from all the important producing districts, and for 
the purposes of discussion they were divided into eight regions: Norfolk, 
Suffolk, Essex, Kent, Yorkshire and Lincolnshire, East Midlands, West, 
and South. It was found that the standard of the samples sent in was 
steadily rising as time went on. The proportion of really fine samples 
increased and that of ordinary samples fell. Hence in 1938 growers were 
requested to send in not only their best samples but also some of second 
quality, so that a more normal balance might be maintained. 

Grading.—This was carried out by the Valuation Committee of the 
Institute of Brewing. Grading was by hand-valuation on a price basis in 
the first instance, the valuers knowing the district of origin and the 
variety of each sample. Subsequently the samples were collected into 
six grades of malting barley with a seventh grade for grinding barley. 
The price-interval between successive grades varied slightly from year 
to year but was usually from 3s. to 5s. per quarter. Grades 1, 2, and 3 
were pale-ale barleys of varying degrees of excellence; Grade 1 being 
quite exceptionally fine grain of exhibition class. Grades 4, 5, and 6 were 
mild-ale barleys. Farmers have a good idea of what constitutes a sample 
of barley fit for malting [2], but the finer points of grading or valuation in 
particular seasons are naturally less well understood. ‘The expert buyers 
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handling thousands of samples and observing their behaviour on the 
malting floor discriminate more finely but sometimes find it difficult to 
specify the grounds of their judgement. Hand-valuation may not be 
scientific, and doubts have been expressed as to whether external appear- 
ance is always a clear guide to intrinsic value [3]; nevertheless it is the 
system in general use, and farmers are paid on this basis. The span in 
valuation between the lowest grade of barley classed as malting material 
(Grade 6) and the best (Grade 1) has been from 19s. to 26s. per quarter 
over the five years in question. 

The position of the conference barleys in relation to the general 
English crop is shown year by year in ‘lable 1. This gives the mean 
grade of all the samples sent in each year, together with an estimate of 
the corresponding mean price and the yield per acre where available. 
The Ministry of Agriculture Report on Market Prices does not distinguish 
malting from feeding barley, but it is suggested [4] that the price in the 
months September to November gives a good indication of the price at 
which most of the malting barley changed hands. 


TaBLE 1. Prices, Yields, and Values of English Barleys, 1934-8 





. € a 1934 | 1935 | 1936 | 1937 | 1938 
Conference data | | 
Mean grade . ; i -| go | a7 | 36 5°2 
»» price per qr. . : : 398. | 36s. 6d. | 41s. 6d. | 578. 6d. | 3335. 
», yield, cwt. per acre. - | ae 20 | 427 22 
», value peracre, £ . , ty | ee 10°4 1272 | oo 
Price of worst malting as per 
cent. of best ‘ ; P 3 50 54 73 56 
Data from English statistics 
Mean price Sept.—_Nov. . . | 38s. 4d. | 37s. 4d. | 40s. 4d. | sos. 4d. | 355. 8d. 
»» yield, cwt. per acre : 1770 )6| | 16°7 16°3 14°0 18-3 
, value peracre, ff . : 8-1 7:8 8-2 8-8 8-2 





The mean grade beginning close to the top of the fifth grade in 1934 
rose by 1937 to almost the middle of the third. The new system adopted 
for collecting samples in 1938 was in part the cause of the fall in the last 
year. The prices corresponding to the mean grade showed marked 
fluctuations from year to year, especially in 1937 and 1938 when these 
price-changes were connected with the volume of supplies. Thus the 
highest yield, obtained in 1938, was associated with the lowest price and 
vice versa. ‘This is not a peculiarity of the conference barleys but is 
closely reflected in the figures taken from the Ministry’s statistics. In 
the three years for which yield figures were available for the conference 
barleys, they were parallel to the official yields but about 22 per cent. 
higher. ‘This was not due to optimistic estimates on the part of growers, 
for in many cases actual and also estimated yields were given, and the esti- 
mated yields were usually lower than the ascertained yields, the mean dif- 
ference being 2 bushels per acre in favour of the actual yields. The mean 
price of the conference barleys was higher than that of the general malting 


crop as estimated from the official prices in September—December 
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in three years out of the five. ‘The value per acre was considerably more, 
since this depended largely on the yield per acre. In four years out of 
five the value of the best malting samples was almost twice that of the 
worst, but in 1937, a year of low y ‘ield, the span was much less than this. 

Seasons—The nature of the season is the chief factor affecting the 
yield and, to an even greater extent, the quality of barley. The weather 
affects the time of sowing, the course of assimilation during the period of 
rapid growth, the ripening and maturation of the grain, and, most im- 
portant of all, the degree of exposure to which the barley is subjected at 
harvest time. Its effects are not simple but interact with soil, v ariety, and 
manurial treatment. Moreover, the incidence of the weather is often 
very local, so that the fate of crops in neighbouring parishes may be 
widely different. 

A few notes on the general character of the seasons are appended, 
although the various regions naturally differed in various respects. 

1934 was a dry year. Seed-bed conditions were good. ‘There was 
plenty of moisture in April, then drought set in and the lighter soils gave 
premature ripening. Harvest conditions on the whole were good “and 
yields were high. 

1935 started with excellent conditions for early sowings, only 12 out of 
270 samples being reported to have gone in under unsatisfactory condi- 
tions. ‘here was a severe late frost on May 17, which did some damage 
tosome autumn-sown crops. June was wet and cold, July was excessiy ely 
hot, August was a good harvest month, but a wet September deteriorated 
the later-harvested crops. 

1936 was a wet season, more so in the west than the east. Conditions were 
unfavourable for autumn-sown barleys. A dry cold spring in the eastern 
counties was followed by a showery late June and July; 46 growers out of 
277 were unsatisfied with their seed-beds. There was a heavy growth 
of seeds in the corn, and lodging was prevalent. ‘There was a good period of 
harvest weather, but where this was missed conditions were troublesome. 

After a wet winter with little frost, the spring of 1937 was cold and wet. 
Much barley was sown late under bad conditions. Out of 220 reports on 
seed-beds, no less than 87 said that the tilth was decidedly bad, usually 
owing to excessive wet. The season improved from June onwards and 
harvest conditions were ideal, there being only 3 unfavourable reports 
out of 229. Yield was very low, but quality better than expectation. 

1938 was a year of prolonge d dry weather from February to September. 
Fortunately most of the barley was sown under good conditions very 
early in the spring and grew out well to give the heaviest yield of the 
series. Later sowings made after the land had dried out were much less 
satisfactory. Harvest conditions were on the whole good, especially in the 
eastern counties, but more unsettled harvest weather was reported from 
parts of the western district, Yorkshire and Lincolnshire, and part of Kent. 

Grading results—The number of samples falling into the various 
grades each year is given in Table 2. 

There were 1,179 samples, in all of which only 62 or 5-2 per cent. failed 
to reach malting standard. ‘The really first- class samples, as might be 
expected, were very few in any year. Grade 1 amounted to only 2-4 per 
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TABLE 2. Results of Grading the Samples 


Number of samples in each grade, 1934-8 


Grade 1934 1935 1936 1937 1938 Total Per cent. 
I 6 2 7 13 se 28 ry 
2 4 12 8 36 9 69 5°8 
3 13 37 21 51 12 34 II'4 
4 22 58 55 69 16 220 18-7 
5 52 83 129 44 58 366 31'0 
6 65 60 57 I2 106 300 25°5 
7 27 18 ms 4 13 62 5°2 
Total 189 270 277 229 214 1,179 
Mean grade 2 4°7 4°7 3°6 5°2 48 


cent. of the total samples and Grade 2 to 5-8 per cent. Less than 1 sample 
in 10 reached these two top grades, representing that small proportion of 
exceptional barleys whose outstanding appearance commands the top 
prices. The bulk of the samples fall rather low in the scale. In 1934 and 
1938 Grade 6 contained the largest number of samples, in 1935 and 1936 
Grade 5, whilst in 1937 the grading was distinctly higher and the biggest 
number of samples fell in Grade 4. The marked contrast in grading 
results between 1937 and 1938 was in part due to the fact that by 1937 it 
was Clear that concentration on the better samples was defeating the pur- 
pose of the conferences by excluding the conditions leading to the pro- 
duction of the poorer and more usual types of malting barley ; hence in 1938 
growers were invited to send in their poorer as well as their best samples. 

The grading differed between the various regions sometimes to a 
marked degree. This is brought out in Table 3, where the deviation of 
the grade of each district from the mean of all districts is set out for each 
year. A negative sign [this arises from the fact that the lower numerals 
represent the better grades] means quality better than average, a positive 
sign means worse than average. 


TABLE 3. Grading Results by Districts 


Deviation from Mean of all Districts in terms of Grade Intervals 


1934 1935 1936 1937 1938 











Norfolk. , , ; o'o +or2 +O5 +or7 +O'2 
Suffolk. ‘ , ‘ 1°4 o-2 +Orl o'7 -O'l 
Essex ; ; . ; +Or5 roe) o°5 —O'5 o'2 
Kent F : . : -2°O 1°6 2°1 —1°2 1°6 
Yorks. and Lincs. ; 2 +l oo +o-6 +O-9 o'8 
East Midlands . : ‘ +o8 +Or5 +-O°3 o'2 +-0°3 
West : . ‘ ' +Or2 +Or4 +Oor4 +O'4 +0°3 
South ‘ ‘ : ‘ o'7 +or4 +Or4 +073 o'4 
Mean grade of all districts . 4°7 4°6 4°5 3°5 5c! 
Minus = better than average. Plus = worse than average. 


The Kentish samples, received mostly from the Thanet district, stand 
out every year as much above the average. In two years out of the five 
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the difference was at least 2 grades. Next to Kent came Suffolk, which 
produced some exceptionally fine samples in 1934 and again in 1937 
es also, largely due to its big area of winter-sown barley, did solhas 
better than the average of all districts. Yorkshire and L incolnshire, and 
South, were distinctly below the average; whilst the remaining districts 
were very Closely alike and slightly below the average grade. 
description of the soils on which the barleys were grown 
did not permit of a very detailed classification, and it is doubtful whether 
the terms light and heavy have the same meanings in different districts. 
A rough division into three broad classes is given by districts in ‘Table 4. 





TABLE 4. Soil Texture by Districts, 1934-8 
Percentage of District Total 


Light Medium Heavy Total no. 

Norfolk . : ; , : 46 37 st 262 
Suffolk : ' ; ; ‘ 31 4! 27 133 
Essex : ‘ : : ‘ 21 45 34 89 
Kent . : . ; . 57 41 3 69 
Lincs. and Yorks. ‘ : : 49 44 " 166 
East Midland. F ; ‘ 46 22 31 89 
West . ; : ; : : 60 31 9 146 
South : 52 34 15 131 
Total no. . ; : : ‘ 498 404 183 1,085 
Percent. . . 2 : : 46 37 17 


The light soils accounted for nearly half the total number, medium soils 
rather over one-third, and those classed as heavy amounted to only 17 
per cent. Norfolk, with 262 soils, gave exactly the distribution of the 
whole series of 1,085. Suffolk, Essex, and the East Midlands provided a 
substantial proportion of the heavier classes of soil; whilst Kent, Lincoln- 
shire and Yorkshire, and West were mostly confined to the light and 
medium types. The West in particular stood out as a light-soil area; 
about one-third of the samples came from soils associated with the chalk 
or limestone formation. 

An examination of the soil distribution of spring and autumn sowings 
showed that in the drier districts the autumn sowings tended to be made 
on soils heavier than the average of their district, whilst in the wetter 
areas soils lighter than usual were chosen. The chief effect of soil on 
grading results in the spring-sown barleys was noted in the drier areas 
(Norfolk, Suffolk, Kent, and East Midlands). Here in dry years the 
heavier classes of soil tended to give the best results; in wet seasons the 
reverse was observed. ‘The mean grade-differences within groups yield- 
ing § or more sets of values were: 

Mean grade difference, 
light minus heavy 


Dry years 1934 ‘ . ‘ ; ; +O'5 
1935 7 : . : ; +o'9 
1938 2 ‘ : : . +O°4 
Wet years 1936 ; ; ; : ‘ "4 
1937 ; : ; : ‘ -1°O 
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The positive sign indicates that the heavier soils yield better samples than 
the lighter ones, and vice versa. 

Variety of seed.—The kind of seed sown was nearly always stated. The 
districts differed quite markedly in the proportion of the different 
varieties sown. ‘Table 5 gives the distribution of varieties by districts 
taking all five years together. 


TABLE 5. Distribution of Varieties 
Total of all years, 1934-8 


Number of samples of: 


Spratt Plumage New 

Archer Archer Cross Plumage Others 
Norfolk . ‘ ; 186 29 20 I 33 
Suffolk : ‘ ‘ 97 14 8 17 
Essex ; , ; 37 50 xs 9 
Kent , 65 I 2 
Lincolnshire ; PF 71 9 26 “ 16 
Yorkshire . 2 8 27 4 
East Midland . : 51 29 3 ba 12 
West : ‘ ‘ 54 49 8 6 31 
South : ; i 69 45 2 9 21 
‘Total : : : 567 296 68 43 145 
Per cent. . , ; 50°7 26°5 6:1 3°8 13'0 


Spratt Archer accounted for half the total number of samples; in Nor- 
folk, Suffolk, and Lincolnshire it was by far the most important variety. 
Plumage Archer predominated in Kent and Essex, and was almost as 
frequent as Spratt Archer in the West. New Cross was strongest in 
Lincolnshire, and Plumage was the favourite variety among the York- 
shire samples. The other varieties comprised some dozen lesser-known 
sorts of which Golden Archer appeared to be the most popular. Ex- 
amination of the grading results showed no consistent differences 
between the popular varieties. Their leading position is due to their 
combined qualities of high yield and excellent malting properties. 

Manuring.—The introduction of stiff-strawed varieties of barley in 
recent years has given more scope for generous manuring than was per- 
missible in the days when Chevallier and similar varieties held the field. 
A further step in this direction was taken when the results of the manurial 
trials carried out by the Rothamsted Staff under the auspices of the In- 
stitute of Brewing became widely known [5]. 

The position in regard to the use of manures, so far as the history of the 
samples reveal it, is set out in ‘Table 6, in which attention is confined to 
the treatment after three classes of crops—corn, sugar-beet, and roots 
(turnips, swedes, kale, &c.)—for which a large number of records are 
available. 

No less than 87 per cent. of the barleys taken after a previous corn 
crop received ‘artificial’ manures in some form or other. By far the most 
frequent type of treatment in this position was a ‘complete’ manure con- 
taining all three nutrients, applied either as a home-made mixture of the 
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lan ‘ — , . 
TABLE 6. Manuring for Barley after Corn, Beet, or Roots, 1934-8 
he Corn Beet Roots 
ent ————— — —— 
cts Total number of samples ; : ; . 449 313 138 
; Per cent. receiving ‘artificials’ : : ; 87 “47 33 
Number where manuring was specified . , 315 120 40 
Per cent. receiving nitrogen . 5 : : 89 61 8o 
- phosphate ; : ; 88 72 82 
a potash. ‘ . 76 49 75 
Means N, lb. per acre (where given) ; ‘ 21 16 17 
standard fertilizers or as a factory compound fertilizer either of ordinary 
or the special concentrated grade. The dose of nitrogen in these mix- 
tures averaged 21 lb. per acre, i.e. slightly less than the equivalent of 
1 cwt. of sulphate of ammonia. When this practice was examined by 
listricts 1t was found that in Kent and Essex the allowance of nitrogen 
was greater than the average and reached 27 lb. N per acre. This effect 
was largely due to the practice of giving winter-sown barleys distinctly 
more nitrogen than those sown in the spring, part of the extra nitrogen 
going on in autumn before drilling. 

Barley after sugar-beet was manured much less frequently, but, even 
so, nearly half the samples received ‘artificials’.. Some had super phos- 
phate only and a few on light chalky soils potash only, but the majority 
received complete ‘artificials’ with the nitrogen reduced appreciably below 

weil the level considered to be appropriate for barley grown as a second straw 

ty. crop. 

ds When the previous crop was turnips or kale, only one-third of the 

: k. barleys received manures, and even in this position the treatment was 

vl usually complete. Barley after folded roots was less frequently manured 

“ay than after carted roots. 

- he types of complete fertilizer used were classified by examination of 

_ the whole data and are given in Table 7. 

leir 

TABLE 7. Types of Compound Fertilizer used, 1934-8 

an ‘ ; 

yer- Mixtures: 

eld. Concen- | Sheeping High- 

rial No Home- Factory trated and green grade 

In- manure made compounds fertilizers manures Dung organics 
Norfolk . ‘ a 63 58 46 24 92 4 2 
Suffolk . . ; 26 12 25 3 59 6 + 

the Essex . . : 14 35 16 3 9 3 6 

1 to Kent y : : 13 II 26 7 I 3 

. orks. and Lincs. 32 2 ( 32 75 
ots Ay. 32 23 ) 32 75 + I 
E. Midlands . . i9 26 9 16 13 + 

are West > a - 36 19 26 18 33 I ? 
South ‘ ‘ ‘ 21 39 16 46 II I 2 

om Total . ; - 224 223 173 154 292 24 18 

10st 

a Only 224, or about 20 per cent., of the barleys received no manuring 

' of any kind. When mixtures were used the most numerous type was the 
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farmers’ home-made mixture containing the ordinary fertilizer ingredi- 
ents. These were closely followed by compound or factory-made special 
manures of ordinary type, but a surprisingly large number of high- 
analysis compound fertilizers based on ammonium phosphate were em- 
ployed. As might be expected, a very considerable number of barleys 
were manured with sugar-beet tops fed off or ploughed in, or turnips or 
kale folded by sheep. In spite of this some 44 per cent. of these following 
beet, and 26 per cent. following turnips, received further dressings of 
‘artificials’.. The use of dung or high-grade organics, such as fish manure 
or guano, was quite exceptional. 

There can be no doubt that the use of a moderate application of sul- 
phate of ammonia has had a great effect on the output of malting barley 
in this country. A recent survey [6] of all available experiments with 
nitrogen showed that 1 lb. of nitrogen per acre improved the yield of 
barley grain by 13-14 lb.: an increase of nearly 6 bushels per 1 cwt. of 
sulphate of ammonia, or a gain of 20 per cent. The effect 1s fairly con- 
stant from soil to soil and year to year. It is less in wet springs than dry 
ones, and less on late-sown crops than on those sown at the normal time. 
When basal yields are low nitrogen tends to do particularly well, and 
vice versa. 

Autumn sowing.—One of the clearest effects brought out by the results 
of the grading has been the better av erage quality of barleys sown in the 
autumn as compared with those sown in spring. The data are given by 
districts in Table 8. 


TABLE 8. Grading Results of Autumn-sown and Spring-sown Samples 
Classified by Districts and Years 


Mean Grades: Number of samples in brackets 


Yorks. East 
and Mid- 
Norf. Suff. Essex Kent Lincs. lands West South 
1934 Autumn . ‘ a 2°8(6) 4°7(7) 170(3) | 4°0 (2) 6:0(2) 6:0(1) § 6:2(5) 
Spring - 4715) 3°38 (5) 5°4(12) 3°8(5) 6:0(29) 5:5 (20) 4°8(20) | 5:2 (20) 
1935 Autumn . - | 41 (8) 3°0 (3) 4°3 (11), 2°0(3) | 3°7 (3) 3°83 (4)  3°8 (5) 4°0 (1) 
Spring 48 (92) 4715), 5°7 (3) 2°1(6) 9 4°7 (32) -5°5 (14) 5°14 (38) | 5°12 (18) 
1936 Autumn . a 3°5 (2) 3°6 (22) =1'0 (2) a 4°5(2) 5:7 (3) . 
Spring 51 (81) 4°7(37) 49(9)  2°6(15) 5°1 (36) 4719) 4°9(23)  5°1 (21) 
1937 Autumn . « | wees) 170(3) | 2°3(11) 2°0(6) | 5:0(1) 272(6) 3:0(1) 3°0 (1) 
Spring . - , 4°4(32)  3°2(31)) 4:1 (10) 2°6(7) 4:4(25) 4°0(14) 4°0(34)  3°6 (37) 
1938 Autumn . - Sg te 5°7 (3) 5°1 (7) 2°6 (5) ora 578 (4) 5:0(1) 5°5 (4) 
Spring 5°4(33) 4°9(23) 5°0(3) 4°8 (16) 6:0(35) 48(9) 5°6(22) 5:6 (32) 
Percent. Autumnsown 4:9 13°3 61°1 28-0 3°7 1g°2 79 7°4 


Autumn sowing was most frequent among the samples received from 
Essex, where 61 per cent. of the total were autumn barleys. Kent, East 
Midlands, and Suffolk also provided a considerable proportion of 
autumn-sown samples. In the remaining districts, as judged by the 
samples received, spring sowing was almost the rule and always ac- 
counted for at least 92 per cent. of the samples. In 1935 the grading of 
the autumn samples was better than that of the spring-sown in every 
district; in 1936 and 1937 in every district but one. In the remaining 
two years the difference was less clearly defined. If the results are 
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di- divided into two series, one comprising those districts in which autumn 
cial sowing is common, and the other where it is exceptional, the following 
oh- figures are obtained: 
‘m- ; 
ee Advantage of Autumn over Spring Sowing 
or Difference in mean grade (Spring minus Autumn) weighted means 
Ing Districts having over Districts having less than 
Of 13 per cent. autumn samples 8 per cent. autumn samples 
ure 

1934 1° o-2 

1935 eo +o'9 
ul- 1936 r2 08 
ley 1937 - 16 + 1°2 
ith 1938 +0°3 +orr 
of 
of The positive sign indicates that the autumn-sown sample is superior. 
on- The benefit of autumn sowing appears to be somewhat more certain in 
dry those districts in which it is the common practice than it is elsewhere. Of 
ne. the five seasons 1938 was the most unfavourable for autumn sowing. It 
ind should be emphasized, however, that there is always risk of a complete 

failure of spring barleys when a severe winter follows autumn sowing. 

ilts Many of the sowings made in the autumn of 1938 were lost through this 
the cause. 
by Although the autumn-sown barleys were better in quality than the 


spring-sown, their yield was less. A comparison of the yields of the 
autumn- and spring-sown barleys in the three seasons for which estimates 
bles were available gave the following results: 


Difference in’ Yield. Bushels per acre, 1936-8 


Spring-sown minus autumn-sown 


th Essex Kent Suffolk E. Midlands 
5) 1936 T4 re on 6 

20) 1937 + 4 +2 +10 rs 

8) 1938 “ +13 +6 14 


1) Out of 10 comparisons, g are in favour of spring sowing, the weighted 
39) mean difference being +4:3 bushels. This superiority in yield partly 
32) offsets the better quality usually found in the autumn-sown samples. 
Period of spring sowing.—The seasons differed widely in regard to the 
condition of the soil for spring sowing. Drilling dates were supplied for 


om most of the samples and a mean sowing-period was calculated for each 
‘ast year. The figures are given in Table g. 

of The season 1938 was the earliest with 38 per cent. of February sowings 
the and 81 per cent. of all spring sowings sown before mid-March. The 
ac- latest season was 1937, when 29 per cent. of the samples remained to be 
y of sown after the middle of April. ‘The mean yields followed the mean 
ery sowing-date, the earlier the barleys were sown the higher tended to be 
ing their yield. The difference between the yield obtained in the earliest and 
are the latest sowing-season was no less than 5 cwt. per acre, or 30 per cent. 
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TABLE 9. Period of Spring Sowing, by Years, and its Relation to Yield 


Percentage of samples 


sown during: Mean yield 
‘ P cwt. per acre 
Mean sowing Mar. Mar. | Apr. | After ee 

Year period Feb. I-15 16-31 1-15 Apr.15 Samples | England 
1935 2nd week Mar. 17 49 29 3 I iy 16°7 
1930 | grd_isé,;, " 6 25 47 17 5 20 16°3 
1937 ist ,, Apr. 3 9 25 34 29 17 14°0 
1938 Ist ~~. wean. 38 43 16 3 22 18-3 


The effect of period of spring sowing on the grading results was found 
to be smaller than on yield, although the general direction was the same 
in that within districts and years the earlier-sown samples tended to 
obtain the better grading. In Table 10 the mean grade of the samples is 
set out against their sowing-period by districts. Since the number of 
individuals in this classification becomes small in some cases, only those 
compartments of the table containing 5 or more observations are included. 


TaBLe 10. Mean Grades (weighted) and Sowing-dates classified by 
Districts and Years 


(Groups of five observations and over) 


T935 1936 
Mar. Mar. Apr. After Mar. | Mar. Apr. 
Feb. I-15 16-31| 1-15 | Apr. 15. Feb. | 1-15 | 16-31 | 1-15 
Norfolk ‘ 4°4 4° 9 4°9 4°9 4°9 5°7 
Suffolk . : Bd 4°¢ 4°5 4°4 4°5 ras 
Lincolnshire . = 4°5 4°7 4 50 50 
West . : Fae 5'I 5°3 ee 4°9 4°6 
South S‘I 5°7 ‘a 4'8 §°2 5°4 
1937 1938 
Norfolk ‘ 4 4°0 4°6 4°3 att 5"1 5°6 
Suffolk . ‘ “i i i 3°6 ” : wie 
Lincolnshire : 5°9 6:0 6:0 
West i T = sic 3°4 4 6 5°6 5°5 iY 
South . . ad ae 3°6 oe | 36 5°4 5°5 6:2 


There are 18 sets of data relating to mean grade and sowing-date by 
districts. If the comparison of the earliest against the latest date-group 
in each district is made, it appears that of the 18 comparisons 14 give the 
higher grade with earlier sowing-date, one is equal, and the remaining 
three go in the reverse direction. There is thus a tendency for the earlier- 
sown samples to give better quality produce. ‘The actual size of the 
effect is rather small, averaging only o-5 grade over the above comparisons 
of the extreme range in sowing-dates. 

Previous crop.— The outcome of the b: arley crop is commonly believed 
to be influenced by the nature of the crop which immediately precedes 
it. A view of the common sequence of cropping as revealed by the 
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eld samples drawn from the various districts is given in Table 11, in which 
all the five years are taken together and the occurrences of the various 
crops are expressed as percentages of the total number of crops recorded 
for each district. 
nd TABLE 11. Previous Crops. All years by districts 
: Percentage of Barley crops following: 
3 Turnips, Seeds, 
3 Sugar- Man- kales, Se., Other Total 
beet golds &e. Corn = lucerne crops no. 
ind Norfolk . 48 9 14 21 5 3 243 
me Suffolk 66 4 4 19 2 4 113 
to Essex ‘ 14 2 2 66 5 "| 44 
ae Kent ‘ ‘ : 4 8 2 77 2 6 48 
Sis Lincs. and Yorks. . 28 2 44 27 9 I 155 
of East Midlands : 2 3 7 63 I 3 76 
ose West ; : 17 5 23 40 II = 128 
ed South . ; : 2 2 9 73 9 4 129 
by Nearly half of the Norfolk samples and two-thirds of those grown in 
. Suffolk followed sugar-beet; pte here a cereal crop was by far the most 
popular preparation for barley. Although linked with roots in the 
classical rotations, only in Yorkshire and L incolnshire and in the Western 
district was there a considerable number of samples received that were 
pr. grown after turnips, kales, and similar crops for sheep. In Norfolk, for 
15 example, over three times the number of barleys followed sugar-beet 
7 as followed turnips. Of the less important crops preceding barley, 
fe mangolds were appreciable in Norfolk and Kent, and seeds in Lincoln- 
0 shire and Yorkshire, and the Western and Southern regions. A large 
“6 number of miscellaneous crops were recorded, and it is noteworthy that 
des potatoes occur among the other crops to quite an insignificant extent. 
From the evidence provided by the samples it appears that the sequence 
potatoes—barley was seldom followed. 
The effects of the nature of the previous crop on yield and grading 
results are set out in Table 12. The comparisons are between barleys 
TABLE 12. Spring-sown Barleys 
Effect of previous crop on Yield and Grading of Barley 
- by Weighted differences. By Districts 
oup Differences in | Differences in 
the mean yield mean grade 
ing 1936-8 1934-8 
ier- No. samples 
ler Beet Roots | Beet Roots sie bss pr 7 : 
, : : ; for grading results 
the minus minus | minus minus . 
ons corn corn | corn corn Beet Roots Corn 
Norfolk —. : : 4°1 o'7 | —o'5 Lor2 116 33 52 
ved Suffolk ; : é 0:8 5:2 | —or2 06 74 5 22 
des Lincs. and Yorks. 1°8 rr | o'2 torr 44 50 42 
the West 5°4 30 | —O7 0°6 22 30 52 
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following corn and sugar-beet, and between those following corn and 
roots. Only four of the eight districts give sufficient values to provide a 
basis for these comparisons. The results are given in the form of mean 
differences weighted according to the number of observations in the 
respective groups. 

A positive sign indicates that barley after beet or roots gave a higher 
yield than after corn; a negative sign for the grade indicates that the 
barley after beet or roots gave better quality than barley after corn. So 
far as yield is concerned barley following sugar-beet appears to give a 
higher yield than barley taken as a second straw crop, even although, as 
a previous section shows, almost all the barley taken after corn received 
a dressing of'nitrogenous manure. The same improvement in yield is 
generally found after roots with the exception of the large negative value 
for Suffolk, but this rests on only 5 observations. The grade-differences 
resting on observations taken over the full 5-year period are on a broader 
basis, but in spite of this there is nothing in the recorded values to bear 
out the widely held opinion that barley after corn is superior in quality 
to barley after beet or after roots. In fact, so far as beet is concerned, the 
differences, although small, are in favour of barley after sugar-beet, as 
compared with barley after corn in each of the four districts. ‘The 
figures for roots are less regular; two districts show a slight superiority of 
barley after roots, but the other two reveal practically no difference 
between samples following roots and those following corn. 

So far as the barleys sent in represent their districts, it appears that 
sugar-beet has proved an excellent preparation for barley, giving at least 
as good quality and appreciably higher yields than the barleys from the 
same districts taken after corn. 

The effect of the utilization of the root crop or the tops of the beet crop 
was examined in the two districts, Norfolk and Suffolk, providing a 
reasonably large number of observations. Three seasons were available 


and in two of them the samples following carted roots or beet tops were of 


better quality than those following roots folded on the land or beet tops 
sheeped or ploughed in. On the weighted mean of the three years the 
difference amounted to 0-3 grade in favour of the carted roots. The 
difference in yield was small. 

Weather at harvest time.—It is commonly held that bad weather at 
harvest time is probably the major factor in the production of poor- 
quality samples of barley. Three of the five seasons supplied data on the 
nature of the conditions at harvest. One of these, 1937, revealed such 
widespread satisfaction with the harvesting weather that no comparison 
was possible; practically every grower had nothing but praise for the 
conditions then prevailing. In 1936 and 1938 the weather was more 
mixed and 79 and 41 samples, respectively, were reported to have been 
secured in more or less difficult conditions. When the grades of these 
samples were compared within districts with those of the corresponding 
sets that were well harvested, the expected difference in mean grade was 
not found. Exposure to rain during the harvest period is probably not 
entirely detrimental in its effect. A moderate amount of external 
moisture is believed to contribute to the mellowing of the grain, and 
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many growers stated that their barleys were harvested without rain and 
would have been improved by a few showers. Some of the s samples may 
have benefited in this way. On the other hand, excessive rain after cutting 
often leads to long exposure in the field and possibly to stacking while in 
damp condition, and this may result in weathered and discoloured grain. 
But it is just this unattractive appearance which would cause samples 
to be rejected by their growers as unfit for display at the Conferences. 
Hence these samples were seldom sent in, and the effects of bad weather 
were masked to this extent. 

Effect of lodging —The crops stood well in all years except the wet 
season 1936 when over one-third of the spring-sown barleys were lodged 
to a greater or less extent. ‘The extent of lodging was estimated by most 
of the growers and Table 13 shows the relationship between lodging and 
yield and mean grade. 


TABLE 13. Spring-sown Barleys, 1936 


Relationship of Degree of Lodging to Yield and Grade 


(Numbers of observations in brackets) 


Degree of Lodging 


None Slight-medium Bad-complete 

Yield, Mean Yield, Mean Yield, | Mean 

bush. grade bush. grade bush. grade 
Norfolk. ; : . | 30 (53) s°3 44 (19) 50 49 (7) o7 
Suffolk. _ . . | 42 (29) 4°6 46 (6) 4°7 52 (2) 5°5 
Essex : : : . | 41) 4'8 46 (2) 4°5 64 (1) 5'0 
Kent 48 (15) 2°6 a j a 
L incolnshire ond ¥. orkshire 36 (28) 4°9 37 (4) 5°4 34 (3) 6:0 
East Midlands . 34 (6) 48 49 (8) 4°8 58 (2) 5°0 
West : ‘ é - | 39 (9) ae 44 (7) 4°5 45 (7) 5°3 
South : 7 ; . | Sees) 5°3 38 (8) 4°9 ; ve 


The barleys that were slightly lodged yielded on the average some 
5 bushels per acre more than those that were standing well, whilst those 
that were badly lodged yielded about 12 bushels more than the standing 
crops. ‘The effect sometimes observed whereby lodging actually reduces 
the yield was not apparent in 1936, except possibly in Lincolnshire and 
Yorkshire, where the number of crops involved in the comparisons is 
somewhat small. 

The effect of lodging on the grading of the samples was much smaller 
than on the yield. ‘Those fields that were only slightly lodged showed no 
constant effects on quality as compared with the st: anding crops of the 
district; but in the six comparisons between standing crops and_ badly 
lodged crops the standing crops gave the higher quality in every district 
although the average difference was only half a grade. In terms of value 
per acre the heavier crops, although more difficult to handle in the field, 
would more than compensate by their increased yield for the small loss 
of quality that might occur. Examination of the previous cropping 
showed that when barley followed a corn crop it stood up in five times 
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out of six, but when barley followed sugar-beet, roots, or seeds, standing 
crops were only secured three times out of five in 1936. 

Conclusions.—T he agricultural data and grading of some 1,200 samples 
of English malting barley are set out and discussed. The samples were 
not a random selection from English barleys, but they served to bring 
out the methods adopted and the results obtained by growers of more 
than average technical skill. Six malting grades were distinguished: 
grades 1, 2, and 3 were pale-ale barleys, grades 4, 5, and 6 mild-ale 
barleys, grade 7 was unfit for malting. Really fine barleys (grades 1 and 
2) and those failing to reach malting quality (grade 7) accounted for quite 
a small proportion of the total. ‘The largest group abe ays fell in the mild- 
ale barleys, in two seasons it was grade 6, in two grade 5, and in one 
grade 4. Classification by districts showed marked differences in quality 
in different localities. 

Spratt Archer and Plumage Archer were by far the most popular 
varieties of seed. The stiffer straws of these improved varieties had en- 
couraged generous manuring, and most of the barleys were grown with 
complete fertilizers, including 14~21 lb. nitrogen, according to the treat- 
ment of the previous crop. 

Autumn sowing usually produced barleys superior in quality but 
inferior in yield to the spring-sown barleys of the same district and year. 
Certain districts such as Essex and Kent grew a relatively high propor- 
tion of autumn-sown barley. 

Samples sown early in the spring tended to be better in quality than 
those sown later in the season. An analysis of the crops preceding barley 
showed the predominance of sugar- beet over other roots in Norfolk and 
Suffolk, and the importance of a cereal crop in a preparation for b=rley 
elsewhere. Folding roots were a frequent preparation in Yorkshire, 
Lincolnshire, and western districts. Barley after sugar-beet or roots 
yielded more than after corn in spite of the heavier manuring almost 
invariably given after the straw crop; and the quality of barley after 
sugar-beet was at least as good as that of barley grown after corn in the 
same districts. Lodged crops yielded more than those that were stand- 
ing, but the quality of the barleys that were seriously lodged was slightly 
lower than that of the standing crops. 

The effect of wet weather at harvest time on the quality of the grain 
was not shown to any marked degree in the two years for which data were 
available. ‘This was probably because weather-stained samples were 
largely excluded from the Conferences. 

The barley soils were mostly light or medium in texture and about 
one-third of them were calcareous. Heavy soils were seldom important 
except in Essex and Suffolk. The heavier classes of soil tended to pro- 
duce better barley than the lighter types in dry years, and vice versa. 
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A NOTE ON THE VARIETIES OF POTATOES GROWN IN 
INDIA 


B. P. PAL 
(Imperial Agricultural Research Institute, New Delhi, India) 
With Plates 8, 9 


GREAT confusion exists regarding the different varieties of potatoes 
grown in India and the area under each; the same variety is often desig- 
nated by different names in different localities, and different varieties 
may be found under the same name. The varietal names are often des- 
criptive of some typical character of the variety, or they may indicate 
the place whence the variety came, e.g. Safeda ( —white), Lalwa (= 
red), Nainital (= variety from Nainital), Patna Safeda (= white variety 
from Patna). The varieties commonly grown have been imported in the 
past from Europe and North America, some of which (the so-called 
desi or indigenous varieties) have become acclimatized, lost their original 
names, and are referred to under the descriptive names given above. 

When work on the improvement of the potato crop was begun at the 
Imperial Agricultural Research Institute in 1934-5, the first step was to 
collect accurate information regarding the varieties grown in India. 
For this purpose samples of potato tubers of the varieties grown in the 
principal potato-growing Provinces and States were obtained through 
the kindness of the Directors of Agriculture. The material thus received, 
comprising over 300 samples, was grown and examined in the Botanical 
Section of the Imperial Agricultural Research Institute at Pusa, and 
later, with the transfer of the Institute, at Delhi. As the hill country is 
better suited for the cultivation of potatoes, duplicates of the various 
stocks were maintained at the Potato Breeding Station at Simla.! 

After two years’ study it was possible to eliminate many of the 
synonymous stocks and to group the remainder into a comparatively 
small number of varietal groups. Samples of these were sent to England 
in March 1938 and grown at Ormskirk for identification. 

The purpose of the present note is to present a summary of the main 
results which have emerged. 

A list of the varieties identified is given in Table r. 


TABLE 1. Varieties identified by the Potato Synonym Committee of the 
National Institute of Agricultural Botany 


Brown Rocks* Magnum Bonumt Red Rocks* 
Early Rose North Star Royal Kidney 
Great Scot Raeburn’s Gregor Cups Up-to-date 


* Identification not certain. 
+ Some cultures were identified as wilding forms of this variety. 


1 This sub-station of the Imperial Agricultural Research Institute was opened in 
1935; it is financed by the Imperial Council of Agricultural Research. 

2 Samples of English varieties received under their proper names were not sent. 
These probably represent the more recent importations. 
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Habit: 
Stem 


Stem-colour 


Leaflet 


Index* 
Size 
Folioles 
Colour of 
foliage 
Inflorescence: 
Flowers 


Colour 
Anthers 


Pollen 
Style 
Stigma 
Berries 
Stolons: 
lubers: 
Skin 
Shape 


Eyes 


Flesh 
Sprouts 


Other Char- 
acters: 
Maturity 
Cropping 
Late blight 
Virus dis- 
eases 
Cooking- 
quality 
Keeping- 
quality 
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NOTE 
Some samples 
Again, a number 


Variety No. 1 (Plate 8) 


Medium height, compact, 
vigorous, freely branch- 
ing 

Firm, solid, nodes swollen 


Slightly developed in 
lower internodes only. 


Soft, open, spacing close, 


no overlapping, fiat, 
drooping 

Soft, slightly wrinkled, 
dull, hairy 

61°9 

ae 


Intermediate, many 


Grey-green 

Simple, drooping 
Large, abundant, 
sistent 

Light blue heliotrope, es- 
pecially at wings; tips, a 
lighter colour 

Light orange yellow, reg- 
ular; cone narrow 


per- 


Abundant 
Medium 

Simple 

Round, numerous 
Long, white 


White 
Round 


Medium-deep,crown-end 
eyes often picked out 
with red. Eyebrows 
slightly developed 
Yellow 


Light bluish-purple, es- 
pecially at base; hairy 


Late 

Good 

Slightly resistant 

Mosaic severe locally; 


leaf-roll rare 
Close to waxy 


Excellent 


Variety No, 2 (Plate 9) 


Very tall, spreading, open, 
vigorous 


Firm, wavy, hollow at 
base, solid at top, slightly 
swollen 
Purple, irregularly distri- 
buted throughout the 
stem and extending to 
its tip. Axils pigmented 
Intermediate, drooping, 
slightly arched, very open, 
spacing wide, no over- 
lapping 
Intermediate, wrinkled 
wavy, dull, hairy 

59°9 

S. IV 


Intermediate, many 


Yellowish green 
Simple, drooping 


Large, abundant, per- 
sistent 
Light red heliotrope at 


wings, central 
and tips white 

Medium, light 

yellow, regular, 
narrow 

Nil 

Medium 

Simple 

Nil 

Medium, purple-tinged 


portion 


orange 
cone 


Light red 
Round, irregular 


Deep, eyebrows 
times prominent 


some- 


Yellow 


Reddish-purple ; 


slightly 
hairy 


Late 

Very good 
Slightly resistant 
Susceptible to 
and mosaic 


leaf-roll 


Floury 


Poor 


ON VARIETIES OF POTATOES IN INDIA 8 
did not develop or were too poor to be identified. 
of varieties could not be identified probably because 
they are old varieties which have gone out of cultivation in Great 
Britain. Among these are to be found some of the most important 
commercial varieties of the great plain of Northern India. Descriptions 
of three such varieties are given in Table 2. 


TABLE 2. Description of Three Commercially Important Varieties of 
Potato grown in the Great Plain of Northern India 


Variety No. 3 (Plate 9) 


Medium height, erect, 
spreading, open, medium 
vigour 

Hard, wrinkled, solid, not 
swollen at internodes 


Purple, distributed through- 
out stem and midribs, 
Axils pigmented RP3 


Rather stiff, slightly arched 
and drooping, open, no 
overlapping 


Soft, slightly wrinkled, 
slightly glossy, hairy 

62°1 

S. IV 


Small, few 


Grey-green 

Simple, stiff 

Small, produced in moder- 
ation, persistent 

Blue heliotrope 


Light orange, small, pro- 
mising a regular or ir- 
regular cone 

Medium 

Medium 

Simple 

Occasionally formed 
Medium 


Red 
Round to 
regular 
Medium-deep to 
eyebrows prominent 


oval, very ir- 


deep, 


Light yellow; vascular ring 
coloured crimson 
Deep-reddish purple; 
moderately hairy 


Very late 

Fair 

Susceptible 

Susceptible to mosaic; 
leaf-roll not observed 


* For explanation of terms, see Salaman [1]. 
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Variety No. 1 is one of the very few that flower freely in the plains of 


India, and hence 


its common name, Phulwa (= variety that flowers); 


berries are also produced abundantly. 

Its popularity in northern India must probably be attributed to its 
adaptability, freedom from disease (except mosaic in certain districts, 
other diseases are rare), and its outstanding keeping-quality, a factor of 
supreme importance in the long and hot Indian summer. 


Wilding forms 
splashed tubers. 


of the variety occur, and also a form with purple- 


Belonging to this would appear to be the varieties received under the 


names of Belaiti, 
Darjeeling White 
Deswali, Farrukh 


Safeda, Patna W 


Safeda, Sona Mu 
stitute the variety 


Bhutani, Biju, Bon Alu, Comilla Desi, Colgong Alu, 
Round, Desi Darjeeling, Desi Patna White Local, 
abadi, Jalandhari, Nawabganj, Pahari Ujari, Patna 
hite, Phulwa, Ragania, Ramu Local, Rangpuria, 
khi, Tikra. In previous publications from this In- 
was referred to as Pusa White. 


Samples of this variety were received from Assam, Bengal, Bihar, 


Central Provinces, 


Variety No. 2, 
the plains, but a 
When grown in t 


Punjab, and the United Provinces. 

usually known as Darjeeling Red, does not flower in 
bolter which is also cultivated does so very freely. 
he hills the two forms are almost indistinguishable. 


W ilding forms also occur. 


Seed potatoes a 


re brought down from the hills and for the first year 


or two very heavy yields are obtained, after which the stocks rapidly 


deteriorate. A ver 

Belonging to thi 
the names, Amar 
Darjeeling Red Ri 


y poor keeper in the plains. 

iis would appear to be the varieties received under 
jhanti, Bahraich Red, Bhiranjia, Bhutia, Cawnnore, 
yund, Desi Red (Lalka), Forbesganji, Jharia (Dobara), 


Jhaboria Jhabri, Jhilori, Kahalgaia (Lali Betia), Kachchoo, Kanpuria, 
Katwa, Labani, Patna Red, Paharia, Petari, Red Darjeeling. 
Samples of this variety were obtained from Assam, Bengal, Bihar, 


Central Provinces, 
Variety No. 3 


Punjab, and the United Provinces. 
is easily recognized by its characteristic stiff habit, 


small leaves, and the presence of purple pigment in the stems, midribs, 


and leaf axils. 
received under tl 


Lalka, Desi Red, 


3elonging to this would appear to be the. varieties 
1e names, Assamia, Barai, Bilaiti, Daisila, Deshila 
Gohama, Hagra, Hilora, Lalki, Lalwa, Local Red, 


Patjiraba, Patnai Red, Shilbilati, Sweet Lalli. Samples of this variety 
were received from Assam, Bengal, and Bihar. 


Owing to the c 
to estimate at alla 
plain of northern 
(commonly knowi 


onfusion regarding varietal names, it is not possible 
ccurately the acreage under each variety. In the great 
India the most important varieties are: Number 1 
1 as Phulwa or Patna White), Number 2 (commonly 


nown as Darjeeling Rec umber 2 and ¢ ner variety (com | 
k Darjeeling Red), Number 3 and another ty (commonly 
known as Gola) that has not been described in this note. In the hills of 
northern India, Magnum Bonum, Royal Kidney, and Up-to-date are 


popular. They ar 
are reputed to det 


varieties is grown. 


e also grown in the plains to some extent, where they 
eriorate quickly. In Assam a large number of E nglish 
The well-known trade name ‘Nainital’ appears to 
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embrace a number of English varieties but most commonly applies to 
Magnum Bonum, to Royal Kidney, or to a mixture of both. In central 
and western India a round white variety imported from Italy is the most 
extensively grown. According to G. 5. Kulkarni (cited by Mann and 
Joshi [2], this variety is known as ‘Riccio’ in Italy and is cultivated 
widely. ‘wo samples of it which were sent to Ormskirk were identified 
as probably Brown Rocks. In the Madras Presidency practically the 
whole of the potato-producing area, which is concentrated in the 
Nilgiri Hills, is almost exclusively under the variety Great Scot. 

Other varieties are grown in limited areas and on a small scale. English 
varieties, such as Ben Cruachan, Bishop, Windsor Castle, have been 
imported from time to time and, after trial by Provincial Departments of 
Agriculture, released for cultivation. Apart from the varieties men- 
tioned above, they do not appear to have made much headway. 

It is of interest that in a country so large as India the number of 
commercially important varieties should be so few, and that of these 
more than half the number should consist of old or but little known 
varieties. ‘These desi varieties are cultivated mainly in the plains and 
appear to owe their popularity to their ability to withstand heat and 
drought, and to some extent the diseases, especially those due to viruses, 
which are so common in the plains. 

Finally, a reference must be made to the question of seed supplies. 
In the long and hot Indian summer a large proportion of the stored 
tubers rot away: good seed at planting-time is therefore difficult to get 
and commands high prices. In many places it is necessary to obtain 
seed from the hills in order to make good the loss in storage and to 
combat the ‘degeneration’ due to virus infection. To meet this and 
other problems of potato ‘production, work has been started on the 
breeding of potatoes suitable for Indian conditions. (It has been briefly 
described in a previous paper [3].) The problem has also been dis- 
cussed on a “ae basis by Dr. Salaman [4] in a paper read before the 
Indian Science Congress last year, to which those interested are referred. 


Summary 


A collection of over 300 samples of potatoes obtained from different 
parts of India was studied and after eliminating a number of stocks 
which were obviously synonymous, representative samples of the 
remainder were sent to Ormskirk for identification. 

The outstanding facts which emerge are that the number of true 
varieties cultivated in India, especially in the plains, is few; and that 
most of the commercially important varieties in the plains represent old, 
and to-day possibly unidentifiable, varieties. Descriptions of three of 
the most generally grown of such varieties are given. 
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Fic. 1. A plant of Variety No. 1 (greatly reduced) 











Fic. 2. Tubers of Variety No. 1 (actual size) 
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THE SYMPTOMS AND DIAGNOSIS OF MINOR-ELEMENT 
DEFICIENCIES IN AGRICULTURAL AND HORTICULTURAL 
CROPS 


Pr. I. DIAGNOSTIC METHODS. BORON. MANGANESE 
S. PIPER 
(Waite Agricultural Research Institute, University of Adelaide, South Australia) 


Introduction.—For some years it has been recognized that manganese, 
boron, zinc, and copper are essential for the normal growth of plants, 
and more recently Arnon and Stout [1] have shown that molybdenum 
is also necessary for their maximum development. A lack of any one 
of these elements restricts plant-growth and frequently causes the 
affected plants to develop symptoms characteristic of the particular 
deficiency. The recognition of some of these symptoms in plants 
srowing on an affected soil is at present the best guide to the determina- 
tion of the soil deficiency. In this article it is possible to review only a 
few of the more distinctive sy mptoms produced in certain plants by a 
deficiency of any one of these minor elements, since the literature in 
this field has of late become very extensive. A comprehensive biblio- 
graphy, covering nearly 5,000 references and abstracts of papers dealing 
with the minor elements, has been compiled by Willis [2] and published 
by the Chilean Nitrate Educational Bureau. Boron has been exten- 
sively reviewed in several papers by Dennis [3, 4], Dennis and O’Brien 
[5], and two bibliographies have also been issued by the American 
Potash Institute [6]. 

Before a deficiency of a minor element can be established as the cause 
of a particular disease it must be possible to reproduce the symptoms 
of the disease by withholding supplies of the element in question. Since 
the amounts involved are so very small, this can in general only be 
done by means of critical water-culture experiments, in which there is 
complete control of the nutrients available to the plant. The growth of 
plants under such conditions enables the observation and determination 
of those symptoms which are most characteristic of the deficiency and 
the determination of the minimum amount of the element necessary to 
prevent the development of the disease. 

Although the above-mentioned minor elements are probably essential 
to all plants, certain of them are required in larger amounts by some 
plants than by others. Léhnis [7] observed that cereals developed to 
maturity in a nutrient solution containing insufficient boron for the 
normal development of lucerne, beans, and peas; and Samuel and 
Piper [8] found that rye completed development on an amount of man- 
ganese insufficient for the healthy growth of oats. On the other hand, 
different plants possess widely different powers of absorbing these 
minor elements from a soil. Bertrand and de Waal [9] determined the 
amounts of boron present in thirty varieties of plants growing on the 
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same soil and found the boron-content per kg. of dry matter to range 
from 2 to 3 mg. for cereals, from 20 to 40 mg. for legumes, and from 
50 to 75 mg. for turnips, radish, and sugar-beet. Rye is also known to 
absorb more copper and manganese from a given soil than oats, and it 
is frequently found making normal growth on soils on which oats fail 
from deficiency of either manganese or copper. [In this paper all 
values given for the minor-element contents of plants refer to 1 kg. of 
dry matter. ] 

Chemical diagnosis—The diagnosis of many of the minor-element 
deficiencies by means of chemical or spectrographic analysis presents 
many difficulties, because the interpretation of these analyses is not 
always straightforward. Beyond giving an indication of the potential 
reserves present, complete analysis of the soil is not very helpful since 
the deficiency is generally related to the availability rather than the 
total amount of the minor element under investigation. Until chemical 
methods are developed to measure availability little progress will be 
made. The conditions operating during any short-time chemical ex- 
traction are very different from those prevailing in the soil throughout 
the life of the plant. On account of the extended time factor in the 
latter case, extremely small ionic concentrations of any element may be 
sufficient to supply the plant’s requirements provided this concentration 
in the soil solution is maintained. 

The analysis of plant-material grown under controlled conditions is 
of more value, since it is a determination of the actual amount of the 
element absorbed. Provided that the same variety of plant is used and 
that the analyses are made at a comparable growth-stage, some measure 
of availability can be obtained. However, when a deficiency does occur 
it affects the growth of the plant and comparison with the normal plant 
is then more difficult. Owing to the deficiency, growth is retarded and 
the amount of dry matter produced is restricted so that, even though 
an affected plant is the same age as a healthy plant, it really corresponds 
to an earlier stage of maturity. Since the proportion of practically all 
the mineral constituents in the dry matter is greater in these young 
stages than in more mature material, it may be found that the element 
causing the deficiency is present to the same extent, or sometimes in 
even slightly greater proportion, in affected plants than in adjacent 
healthy plants. In this laboratory, oats showing severe symptoms of 
eaneriiidens disease, as the result of growth in water-cultures de- 
ficient in copper, have at times been found to contain slightly more 
copper than other plants which had just sufficient copper available 
to enable them to make normal growth. In the former case the oats 
ceased growth some time before the formation of ears and the dry 
matter contained 2-9 mg. of copper, whereas in the latter case the 
plants developed to full maturity and showed a lower copper-content 
(2-4 mg.). For this reason the comparison of the analysis of an affected 
plant with that of an adjacent healthy plant must be interpreted with 
caution. The latter may have had just slightly more of the given ele- 
ment available to it, enabling it to make mature growth, although, owing 
to this extra growth made and its mature stage, it may contain less of 
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ge the given element per unit weight of dry matter. It would be more 
m profitable to compare the mineral composition of these plants with 
to the normal range for healthy plants growing on other soil types. 

it There is a second limitation to the interpretation of the chemical 
ail analysis of the mineral constituents of the plant. Under some conditions 
all a particular element may not be freely mobile within the plant, so that 
of larger amounts are required to fulfil its normal functions. In iron 

chlorosis many observers have noted that chlorotic leaves frequently 

nt contain more iron than normal green leaves. Olsen [10] has confirmed 
nts this higher iron concentration in the chlorotic leaves of maize grown in 
10t water-cultures; he has shown that the iron was immobilized by precipi- 
ial tation, probably as ferric phosphate, in the vascular bundles, and that 
ace it was not distributed uniformly throughout the mesophyll as in the 
the normal green leaf. 

cal Under South Australian conditions the amounts of manganese in 
be the dry matter of normal healthy Algerian oat plants at the flowering 
ex- stage have been found to vary from about 14 mg. to more than 150 mg., 
out whereas plants from manganese-deficient soils generally contain less 
the than 14 mg. 

be The normal amount of copper present in Algerian oat plants at the 
ion same growth-stage is not so well known, but a survey is now being 

made. From values so far obtained it would appear that the copper- 

s is content of healthy oats is mostly between 1-5 and 5 mg., whilst 
the plants exhibiting typical symptoms of copper-deficiency have only 0-8 
and to 1-5 mg. These values are somewhat lower than those generally given 
sure | for Europe and America. The highest South Australian values noted to 
cur § date, 6:0 and 8-5 mg., represented crops growing near an old copper 
lant mine. : 

and The amount of boron present in apples affected with internal cork 
ugh is much less than that in healthy fruit. Askew and his co-workers 
nds [11, 12] report values ranging from 3 to g mg. of boron for fruit from 


y all | affected trees and 12 to 34 mg. for normal fruit. The latter range of 
ung values agrees with that found in South Australia [13], where no cases 
nent § of internal cork have so far been detected. Brandenburg [14] has also 





s in | found differences in the boron-content of sugar-beet leaves from diseased 
cent § and healthy plants, although no such differences occurred in the roots. 
s of Leaves from deficient plants showed a boron content of 13 to 16 mg., 
;de- § whilst those from healthy plants contained larger amounts (29 to 42 mg.). 
nore ‘Indicator’ plants —Some plants show characteristic deficiency-symp- 


lable | toms more readily than do other plants, and for this reason they are 
oats § Valuable as ‘indicator plants’ in the recognition of soil deficiencies. It 
dry ]§ Was the identification of manganese-deficiency symptoms in oats growing 
, the J alongside peas affected with ‘marsh spot’ disease that gave Pethybridge 
itent § [15] the first indication that ‘marsh spot’ of peas might also be due to 
ected J amanganese-deficiency. 
with The choice of indicator plant is important since the deficiency symp- 
. ele- J toms should develop at an early-growth stage and should be distinctive 
wing § and clearly recognizable. The plant should not have unduly strong 
ss of powers of absorbing the element under investigation from the soil, yet 
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its normal requirements for this element should be sufficiently great to 
impose considerable demands on the power of the soil to furnish it. 
The oat is particularly suitable as an indicator plant for diagnosing 
manganese- and copper-deficiencies; whilst turnips, sugar-beet, tobacco, 
and sunflowers have been recommended for investigations of boron- 
deficiency. Colwell and Baker [16] prefer the sunflower since they 
found that boron-deficiency symptoms appeared in it at an early-growth 
stage. McMurtrey [17] has described and tabulated the symptoms pro- 
duced in tobacco when subjected to various mineral deficiencies, inclu- 
ding boron and manganese. Maize has been suggested as an indicator 
plant for zinc-deficiency. Further experience is required before a suit- 
able plant can be recommended for identifying molybdenum-deficiency. 

If suitable indicator plants are grown on a soil suspected of being 
deficient in a minor element, any symptoms produced on the plant can 
be observed and identified as they develop. Many precautions must be 
taken when pot experiments of this nature are designed to investigate 
or identify the various deficiencies, since the conditions must be rigidly 
controlled to prevent abnormal changes in the availability of any of the 
minor elements in the soil. The higher temperatures occurring in pots 
under glasshouse conditions, the more favourable moisture relationships 
of the soil, or the changes in its state of aeration, even though operating 
for only a short period, may lead to profound changes in the availability 
of a particular element, so masking or even overcoming its deficiency. 
Thus the availability of manganese is greatly increased by any factor 
which brings about partially anaerobic conditions in the soil, even 
temporarily. The water used to replace transpiration losses may also 
supply traces of a deficient element, and at times it is necessary to use 
water redistilled from glass or silica apparatus. This depends largely 
on the soil type. On many heavy types containing moderate amounts 
of organic matter, the heavy metals, normally present in tap-water, 
frequently show only a negligible effect in overcoming a deficiency of 
one of them. On the other hand, if tap-water is used on some light 
sandy soils, sufficient of the missing element may be supplied to over- 
come the deficiency, so preventing the appearance of symptoms of the 
disease. This is probably connected with the power of the soil to 
adsorb or precipitate the particular element, rendering it unavailable to 
plants. 

Sometimes the plant-symptoms can be accentuated, and so made 
more clearly recognizable, by the use of the sub-soil instead of the 
surface-soil in pot experiments. ‘To obtain good growth and overcome 
the natural infertility of the sub-soil it is desirable to add a nutrient 
solution that will supply all the major nutrients in sufficient quantity. 
Reagents used for this purpose must be sufficiently free from traces of 
the minor elements. When the surface-soil is used a basal dressing of 
nitrogen, phosphorus, and potassium is generally sufficient. 

Boron-deficiency.—Mazé [18] indicated the importance of boron for 
plant-growth as early as 1914, and in 1923 Warington [19] showed, by 
means of very convincing water-culture experiments, that it was an 
essential element for the growth of beans. Excellent photographic evi- 
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dence of its essential nature for other plants was presented by Sommer 
and Lipman [20] in 1926. This element did not become of practical 
significance, however, until Kuijper [21], in 1930, and Brandenburg 
[22, 23], in 1931, demonstrated that Topziekte of tobacco and ‘heart 
rot’ of sugar-beet, respectively, were caused by a deficiency of boron. 
By growing beet in nutrient solutions devoid of boron, Brandenburg 
was able to reproduce the typical symptoms of ‘heart rot’. Since then, 
the recognition of boron-deficiency as the cause of many other plant- 
diseases has shown that boron-deficient soils are relatively widespread. 
In addition to sugar-beet and tobacco, the principal crops affected by 
boron-deficiency include mangolds, turnips, swedes, apples, and it is 
probable that deficiencies of boron are of greater economic importance 
than those of any of the remaining minor elements. Boron-deficiency 
symptoms have also been induced in many other plants, including oats 
[5], maize [24], celery [25], cauliflower [26], tomato [27], and potato [28] 
when grown in boron-free nutrient solutions. 

The characteristic symptoms of ‘heart rot’ or ‘crown rot’ of sugar- 
beet have been described by many writers [14, 22, 29, 30]. The first 
signs of boron-deficiency appear on the youngest or heart leaves of the 
growing plants. ‘The growth of these leaves is checked and they become 
strongly curled. Dark brownish-black patches develop on their petioles 
and midribs, especially on the undersides, and the affected petioles are 
extremely brittle. Later the heart leaves and main growing-points 
wither and die, turning black in colour. Older leaves also become 
yellow, wither from the base upwards, and die. If soil conditions im- 
prove after the death of the growing-tip, new shoots arise from secondary 
buds around the crown, and this new growth may mask the original 
symptoms. However, typical disease-symptoms usually develop on the 
new shoots at a later stage.. When the deficiency is less severe, visible 
signs of the disease may not appear until the second-year’s growth. 
Death and blackening of the stem then occurs, commencing at the tip 
and extending downwards. Side shoots are produced from fresh 
growing-points on healthy parts of the beet, and these give a peculiar 
‘parsley top’ appearance to the plant. 

Perhaps the most distinctive symptoms of boron-deficiency in sugar- 
beet are those found on the so-called ‘roots’ of affected plants. A break- 
down and blackening of tissue occurs near the crown, depressed spots 
develop on the surface of the root and penetrate into the flesh, giving 
tise to a type of dry rot. In badly diseased plants, a large part of the 
toot may be affected and the sugar-content considerably decreased. 
The symptoms of boron-deficiency in mangolds are similar to those in 
sugar-beet. 

In swedes and turnips boron-deficiency gives rise to the disease 
called ‘brown heart’ or ‘raan’, the characteristic symptoms of which are 
very clearly defined and easily recognizable [5, 31]. Usually there are 
no marked external symptoms, either on the leaves or roots, and it is 
necessary to cut open the latter to obtain evidence of the disease. How- 
ever, a few authors [32, 33, 34] have found that the upper part of the 
skin of the roots of deficient swedes is noticeably rough, cracked, and 
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same soil and found the boron-content per kg. of dry matter to range 
from 2 to 3 mg. for cereals, from 20 to 40 mg. for legumes, and from 
50 to 75 mg. for turnips, radish, and sugar-beet. Rye is also known to 
absorb more copper and manganese from a given soil than oats, and it 
is frequently found making normal growth on soils on which oats fail 
from deficiency of either manganese or copper. [In this paper all 
values given for the minor-element contents of plants refer to 1 k 
dry matter. | 

Chemical diagnosis.—The diagnosis of many of the minor-element 
deficiencies by means of chemical or spectrographic analysis presents 
many difficulties, because the interpretation of these analyses is not 
always straightforward. Beyond giving an indication of the potential 
reserves present, complete analysis of the soil is not very helpful since 
the deficiency is generally related to the availability rather than the 
total amount of the minor element under investigation. Until chemical 
methods are developed to measure availability little progress will be 
made. The conditions operating during any short-time chemical ex- 
traction are very different from those prevailing in the soil throughout 
the life of the plant. On account of the extended time factor in the 
latter case, extremely small ionic concentrations of any element may be 
sufficient to supply the plant’s requirements provided this concentration 
in the soil solution is maintained. 

The analysis of plant-material grown under controlled conditions 1s 
of more value, since it is a determination of the actual amount of the 
element absorbed. Provided that the same variety of plant is used and 
that the analyses are made at a comparable growth-stage, some measure 
of availability can be obtained. However, when a deficiency does occur 
it affects the growth of the plant and comparison with the normal plant 
is then more difficult. Owing to the deficiency, growth is senssind oil 
the amount of dry matter produced is restricted so that, even though 
an affected plant is the same age as a healthy plant, it really corresponds 
to an earlier stage of maturity. Since the proportion of Het.“ all 
the mineral constituents in the dry matter is greater in these young 
stages than in more mature material, it may be found that the element 
causing the deficiency is present to the same extent, or sometimes in 
even slightly greater proportion, in affected plants than in adjacent 
healthy plants. In this laboratory, oats showing severe symptoms of 
copper-deficiency disease, as the result of growth in water-cultures de- 
ficient in copper, have at times been found to contain slightly more 
copper than other plants which had just sufficient copper available 
to enable them to make normal growth. In the former case the oats 
ceased growth some time before the formation of ears and the dry 
matter contained 2-9 mg. of copper, whereas in the latter case the 
plants developed to full maturity and showed a lower copper-content 
(2:4 mg.). For this reason the comparison of the analysis of an affected 
plant with that of an adjacent healthy plant must be interpreted with 
caution. The latter may have had just slightly more of the given ele- 
ment available to it, enabling it to make mature growth, although, owing 
to this extra growth made and its mature stage, it may contain less of 
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nge the given element per unit weight of dry matter. It would be more 
rom profitable to compare the mineral composition of these plants with 
n to the normal range for healthy plants growing on other soil types. 
dit There is a second limitation to the interpretation of the chemical 
fail analysis of the mineral constituents of the plant. Under some conditions 

all a particular element may not be freely mobile within the plant, so that 
r of larger amounts are required to fulfil its normal functions. In iron 
chlorosis many observers have noted that chlorotic leaves frequently 
rent contain more iron than normal green leaves. Olsen [10] has confirmed 
ents this higher iron concentration in the chlorotic leaves of maize grown in 
not water-cultures; he has shown that the iron was immobilized by precipi- 
tial tation, probably as ferric phosphate, in the vascular bundles, and that 
ince it was not distributed uniformly throughout the mesophyll as in the 
the normal green leaf. 
Lical Under South Australian conditions the amounts of manganese in 
| be the dry matter of normal healthy Algerian oat plants at the flowering 
ex- stage have been found to vary from about 14 mg. to more than 150 mg., 
nout whereas plants from manganese-deficient soils generally contain less 
the than 14 mg. 
y be The normal amount of copper present in Algerian oat plants at the 
tion same growth-stage is not so well known, but a survey is now being 
made. From values so far obtained it would appear that the copper- 
18 is content of healthy oats is mostly between 1-5 and 5 mg., whilst 
"the plants exhibiting typical symptoms of copper-deficiency have only 0-8 
and to 1-5 mg. ‘These values are somewhat lower than those generally given 
sure for Europe and America. The highest South Australian values noted to 
ccur date, 6-0 and 8-5 mg., represented crops growing near an old copper 
slant mine. 
and The amount of boron present in apples affected with internal cork 
yugh is much less than that in healthy fruit. Askew and his co-workers 
onds (11, 7 report values ranging from 3 to g mg. of boron for fruit from 
y all affected trees and 12 to 34 mg. for normal fruit. The latter range of 
yung values agrees with that found in South Australia [13], where no cases 
nent of internal cork have so far been detected. Brandenburg [14] has also 
es in found differences in the boron-content of sugar-beet leaves from diseased 
cent and healthy plants, although no such differences occurred in the roots. 
is of Leaves from deficient plants showed a boron content of 13 to 16 mg., 
; de- whilst those from healthy plants contained larger amounts (29 to 42 mg.). 
nore ‘Indicator’ plants.—Some plants show characteristic deficiency-symp- 
lable toms more readily than do other plants, and for this reason they are 
oats valuable as ‘indicator plants’ in the recognition of soil deficiencies. It 
dry was the identification of manganese-deficiency symptoms in oats growing 
» the alongside peas affected with ‘marsh spot’ disease that gave Pethybridge 
itent {15] the first indication that ‘marsh spot’ of peas might also be due to 
ected a manganese-deficiency. 
with The choice of indicator plant is important since the deficiency symp- 
 ele- toms should develop at an early-growth stage and should be distinctive 
wing and clearly recognizable. ‘The plant should not have unduly strong 
ss of powers of absorbing the element under investigation from the soil, yet 
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its normal requirements for this element should be sufficiently great to 
impose considerable demands on the power of the soil to furnish it. 
The oat is particularly suitable as an indicator plant for diagnosing 
manganese- and copper-deficiencies; whilst turnips, sugar-beet, tobacco, 
and sunflowers have been recommended for investigations of boron- 
deficiency. Colwell and Baker [16] prefer the sunflower since they 
found that boron-deficiency symptoms appeared in it at an early-growth 
stage. McMurtrey fr 7] has described and tabulated the symptoms pro- 
duced in tobacco when subjected to various mineral deficiencies, inclu- 
ding boron and manganese. Maize has been suggested as an indicator 
plant for zinc-deficiency. Further experience is required before a suit- 
able plant can be recommended for identifying molybdenum-deficiency. 

If suitable indicator plants are grown on a soil suspected of being 
deficient in a minor element, any symptoms produced on the plant can 
be observed and identified as they develop. Many precautions must be 
taken when pot experiments of this nature are designed to investigate 
or identify the various deficiencies, since the conditions must be rigidly 
controlled to prevent abnormal changes in the availability of any of the 
minor elements in the soil. ‘The higher temperatures occurring in pots 
under glasshouse conditions, the more favourable moisture relationships 
of the soil, or the changes in its state of aeration, even though operating 
for only a short period, may lead to profound changes in the availability 
of a particular element, so masking or even overcoming its deficiency. 
Thus the availability of manganese is greatly increased by any factor 
which brings about partially anaerobic conditions in the soil, even 
temporarily. ‘The water used to replace transpiration losses may also 
supply traces of a deficient element, and at times it is necessary to use 
water redistilled from glass or silica apparatus. ‘This depends largely 
on the soil type. On many heavy types containing moderate amounts 
of organic matter, the heavy metals, normally present in tap-water, 
frequently show only a negligible effect in overcoming a deficiency of 
one of them. On the other hand, if tap-water is used on some light 
sandy soils, sufficient of the missing element may be supplied to over- 
come the deficiency, so preventing the appearance of symptoms of the 
disease. This is probably connected with the power of the soil to 
adsorb or precipitate the particular element, rendering it unavailable to 
plants. 

Sometimes the plant-symptoms can be accentuated, and so made 
more clearly recognizable, by the use of the sub-soil instead of the 
surface-soil in pot experiments. ‘To obtain good growth and overcome 
the natural infertility of the sub-soil it is desirable to add a nutrient 
solution that will supply all the major nutrients in sufficient quantity. 
Reagents used for this purpose must be sufficiently free from traces of 
the minor elements. When the surface-soil is used a basal dressing of 
nitrogen, phosphorus, and potassium is generally sufficient. 

Boron-deficiency.—Mazé [18] indicated the importance of boron for 
plant-growth as early as 1914, and in 1923 Warington [19] showed, by 
means of very convincing water-culture experiments, that it was an 
essential element for the growth of beans. Excellent photographic evi- 
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t to dence of its essential nature for other plants was presented by Sommer 
1 it. and Lipman [20] in 1926. ‘This element did not become of practical 
sing significance, however, until Kuijper [21], in 1930, and Brandenburg 
cco, (22, 23], in 1931, demonstrated that Topztekte of tobacco and ‘heart 
-on- rot’ of sugar-beet, respectively, were caused by a deficiency of boron. 
we By growing beet in nutrient solutions devoid of boron, Brandenburg 
wth was able to reproduce the typical symptoms of ‘heart rot’. Since then, 
Dr0- the recognition of boron-deficiency as the cause of many other plant- 
clu- diseases has shown that boron-deficient soils are relatively widespread. 
ator In addition to sugar-beet and tobacco, the principal crops affected by 
uit boron-deficiency include mangolds, turnips, swedes, apples, and it is 
ney, probable that deficiencies of boron are of greater economic importance 
eing than those of any of the remaining minor elements. Boron-deficiency 
can symptoms have also been induced in many other plants, including oats 
t be [5], maize [24], celery [25], cauliflower [26], tomato [27], and potato [28] 
gate when grown in boron-free nutrient solutions. 
idly The characteristic symptoms of ‘heart rot’ or ‘crown rot’ of sugar- 
the beet have been described by many writers [14, 22, 29, 30]. The first 
pots signs of boron-deficiency appear on the youngest or heart leaves of the 
hips growing plants. ‘The growth of these leaves is checked and they become 
ting strongly curled. Dark brownish-black patches develop on their petioles 
lity and midribs, especially on the undersides, and the affected petioles are 
ncy. extremely brittle. Later the heart leaves and main growing-points 
ctor wither and die, turning black in colour. Older leaves also become 
even yellow, wither from the base upwards, and die. If soil conditions im- 
also prove after the death of the growing-tip, new shoots arise from secondary 
use buds around the crown, and this new growth may mask the original 
rgely symptoms. However, typical disease-symptoms usually develop on the 
unts new shoots at a later stage.. When the deficiency is less severe, visible 
ater, signs of the disease may not appear until the second-year’s growth. 
vy of Death and blackening of the stem then occurs, commencing at the tip 
light and extending downwards. Side shoots are produced from fresh 
vere growing-points on healthy parts of the beet, and these give a peculiar 
f the ‘parsley top’ appearance to the plant. 
il to Perhaps the most distinctive symptoms of boron-deficiency in sugar- 
le to beet are those found on the so-called ‘roots’ of affected plants. A break- 

down and blackening of tissue occurs near the crown, depressed spots 
nade develop on the surface of the root and penetrate into the flesh, giving 
F the rise to a type of dry rot. In badly diseased plants, a large part of the 
some toot may be affected and the sugar-content considerably decreased. 
rient The symptoms of boron-deficiency in mangolds are similar to those in 
rtity. sugar-beet. 
os of In swedes and turnips boron-deficiency gives rise to the disease 
ng of called ‘brown heart’ or ‘raan’, the characteristic symptoms of which are 

very clearly defined and easily recognizable [5, 31]. Usually there are 
n for no marked external symptoms, either on the leaves or roots, and it is 
d, by hecessary to cut open the latter to obtain evidence of the disease. How- 
13 an ever, a few authors [32, 33, 34] have found that the upper part of the 
> evi- skin of the roots of deficient swedes is noticeably rough, cracked, and 





XUM 











90 C. S. PIPER 

discoloured, whereas that of healthy roots is quite smooth and purplish 
tinged. Such external symptoms are probably the result of severe de- 
ficiency, and they have been reproduced in sand cultures containing 
minimal amounts of boron [32]. 

The more common field symptoms are seen on cutting the roots 
open, either vertically or crosswise. In vertical section the diseased 
tissue appears as greyish-brown or dark-brown injected areas, elongated 
in shape, and confined mostly to the lower two-thirds of the root. 
At a later stage the diseased tissue tends to collapse and form cavities 
31]. ‘The pattern of the water-soaked areas is different at different 
evels in the bulb [31]. ‘The arrangement of these areas may be imper- 
fectly concentric, somewhat radial, or irregularly scattered. Even 
though the plant is severely affected the peripheral zone seems to remain 
healthy. ‘The roots of turnips, even when but slightly affected with 
boron-deficiency, become somewhat stringy or woody, and this differ- 
ence from the soft tissue of normal turnips is very easily detected on 
boiling. 

By growing swedes in nutrient solutions with carefully regulated 
amounts of boron, Coulson and Raymond [32] were able to observe 
the characteristic symptoms brought about by differences in the severity 
of boron-deficiency. Although symptoms have not been reported on 
the leaves under field conditions, they found that, when boron was 
withheld from swedes growing in sand cultures, the leaves were severely 
affected. ‘The plants made normal growth for about 6-8 weeks, but 
they then developed yellowish, mottled, and distorted leaves, and died 
without forming any enlargement of the root. Small traces of boron 
produced more growth, with a purplish tinge to the margins and under- 
surfaces of the leaves. Curling, yellowing, and mottling of the leaves 
and a splitting of the petioles were, however, observed; and also small 
roots with an extremely rough skin and typical internal symptoms of 
‘brown heart’. Slightly larger concentrations of boron enabled the pro- 
duction of normal foliage, free from any symptoms of deficiency, 
although the roots still showed typical ‘brown heart’. Normal healthy 
growth of both tops and roots was obtained when sufficient boron was 
contained in the nutrient solution. 

It has sometimes been stated that ‘brown heart’ is not found in small 
turnips or swedes, but only in those plants in which the bulb has 
attained a diameter of 2 in. or more. ‘This again is probably connected 
with the severity of the deficiency, those cases in which small turnips 
are affected representing more intense deficiencies. When only a mild 
deficiency occurs, however, typical symptoms may be expected to be 
most strongly developed in the largest roots. 

‘The symptoms of boron-deficiency in tobacco (Topziekte) under field 
conditions soe been described by Kuijper [21] and McMurtrey [35], 
its distinctive symptoms having been previously reproduced by the 
latter author by growing tobacco in boron-free nutrient solutions [36]. 
The young leaves, forming the terminal bud, become a light green and 
cease to develop. Later the young tissue at the base of these bud-leaves 
breaks down, resulting in the death of the bud. The topping of the 
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slant, brought about by the death of the growing-point, causes the 
ower leaves to become thicker and larger. Less severe manifestations 
of the deficiency may be found in the distorted shape of some of the 
younger leaves, and the twisted or one-sided growth of the stalk near 
the top of the plant. With the cessation of top-growth, lateral buds in 
the axils of the lower leaves develop, but the terminal buds of this new 
growth are also usually affected. 

In cauliflowers [37] boron-deficiency gives rise to a discoloration of 
the central part, due to the presence of numerous small water-soaked or 
injected areas in the stem-tissue. In many cases the stem 1s hollow. 
The flavour is also affected, becoming bitter, both in the raw and cooked 
vegetable. 

Two diseases of celery have been attributed to boron-deficiency. 
Gram [38] describes a ‘heart rot’ of celery, the symptoms of which are 
not unlike those of ‘heart rot’ of sugar- beet, and Purvis and Ruprecht 
[25] find that the symptoms of ‘cracked stem’ of celery can be repro- 
duced in boron-free water-cultures. ‘The symptoms of the latter disease 
appear to be a brownish mottling of the leaves, first noticeable on the 
margins of the bud-leaves. Brown stripes appear in the epidermis of 
the stem and transverse lesions develop above the vascular bundles. 
The broken tissues from these stem-lesions curl backwards, becoming 
brown and giving rise to the distinctive conditions from which the 
name is derived. 

A disease of apples, —_ as ‘inte rnal cork’ in Australia and New 
Zealand and ‘drought spot’ or ‘corky core’ (depending on the particular 
symptoms developed) in Can: ida, has been shown to be due to a de- 
ficiency of boron, as a result of the investigations of Atkinson [39], 
Askew [40], and McLarty [41]. Generally, the vegetative growth 1s 
unaffected and the distinctive symptoms are developed only in the 
fruit. These symptoms have been well described by Carne and Martin 
[42], who distinguish them clearly from other disorders to which the 
appre is subject. ‘They state that typical lesions commence as clear or 

shtly greenish injected areas, usually of diameter not above ? in., and 
ranging in position from within the core line to just beneath the skin. 
Where the lesions occur immediately beneath the surface they may be 
visible through the skin and may be accompanied by a clear exudate. 
As the fruit develops, the injected spots dry out and turn dark from the 
centre, eventually forming dark-brown, spongy lesions which some- 
times have a characteristically greenish margin. ‘he lesions may first 
appear when the fruit has about 1 in. diameter, and they may continue 
to form throughout the life of the fruit. If the lesions are initiated when 
the apple is small, subsequent growth results in the malformation or 
dimpling of the surface [31]. The dried-out corky lesions vary in size 
but are usually less than ? in. in diameter. ‘They may occur in the core 
only, cortex only, or scattered throughout both, and they must be 
clearly distinguished from the lesions of ‘bitter pit’. ‘The latter occur 
just beneath the skin. Unlike boron-deficiency, which develops while 
the fruit is still on the tree, the symptoms of ‘bitter pit’ appear only 
during storage of the fruit. 
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Boron-deficiency of stone fruits [43, 44] and grape-vines [45] have 
been produced in water-cultures, whilst more recently Askew and 
Williams [46] have shown that “brown spotting’ of apricots is also due 
to a deficiency of this element. Brownish lesions, superficially resem- 
bling those of internal cork of apples, develop in the flesh and become 
noticeable as the fruit nears maturity. In mild cases only the stem-end 
is affected but, in cases of greater severity, spotting may extend through- 
out the length of the fruit. It is, however, worst nearest the stone, 
where the flesh may develop a dry spongy condition. 

Manganese-deficiency.—‘Grey speck’ disease of oats (Dorrflecken- 
krankheit) was known for many years before its symptoms were shown 
to correspond with those developed in seedlings grown in manganese- 
free nutrient solutions [8]. ‘The symptoms produced in oats by a de- 
ficiency of manganese are so characteristic and well-defined that they 
are easily recognizable. When their development in growing plants can 
be progressively observed there is no possibility of confusion with other 
deficiency-symptoms, and for this reason the selection of oats as the 
indicator plant for manganese-deficiency is preferred. 

Gerretsen [47] considers that the typical symptoms of ‘grey speck’ 
disease are produced by secondary bacterial infection of the roots, which 
occurs in the absence of manganese. He has found that oats grown 
under sterile conditions in nutrient solutions without manganese make 
only restricted growth, although they do not develop the characteristic 
lesions of ‘grey speck’ disease. 

The symptoms of manganese-deficiency in oats have been described 
by many writers, among whom may be mentioned Samuel and Piper [8], 
Morley Davies [48], Lundegardh [49], and Rademacher [50]. Mester 
tions have been published by Samuel and Piper [8], by Jorgensen [51], 
and Rademacher [50], and Lundegardh [49] gives an excellent coloured 
plate of an affected oat-plant. 

Manganese-deficiency disease of oats generally appears at an early 
stage in the growth of the plant, about 3-5 weeks after germination. 
In severe cases tillering does not occur, or at most only one or two 
tillers are produced. Characteristic lesions are developed on the second 
and third leaves shortly after these leaves are almost fully formed. The 
lesions commence as greyish-green, discoloured areas of collapsed 
tissue, which generally — in a narrow strip along the margins of 
the lower part of the leaf-blade about 1 in. from the base. These lesions 
gradually become more extensive and later shrivel and dry out to dead 
brown or grey patches, sometimes surrounded by a reddish margin. 
The necrotic areas continue to develop along the margins of the leaf 
and also rapidly extend across the basal part of the leaf blade, causing 
the leaf to collapse at this “tagee and the tip to kink back sharply. Death 
of the leaf-tissue gradually extends, both upwards and downwards, 
until most of the leaf is shrivelled and greyish-brown. The tip of the 
leaf, however, frequently remains green for a considerable time. 

These lesions do not occur on the first-formed leaf, presumably on 
account of the small reserve of manganese in the seed. ‘They appear 
typically on the second and third leaves and on subsequent leaves as 
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they are formed. In severe cases manganese-deficiency eventually leads 
to the death of the growing-tip and fresh leaves are no longer formed. 
In less severe cases tillering may be normal and the leaf symptoms do 
not develop until a later growth-stage, after the exhaustion of supplies 
of available manganese. When the lesions develop on these later- 
formed leaves they are not so markedly confined to the lower portion of 
the leaf-blade and a few necrotic areas may develop near the tip. 

Under field conditions small increases in the availability of manganese 
in the soil sometimes occur as the season advances and this enables the 
plant to make some recovery from the deficiency. If these seasonal 
changes are sufficiently favourable, recovery may be considerable and a 
moderate crop produced. In oats grown in manganese-free water-cul- 
tures no chlorosis or yellowing of the leaves is observed, although in 
the field manganese-deficient crops are usually lighter green than normal 
crops. 

Lesions due to manganese-deficiency occur in other cereals and 
grasses. In wheat and barley the symptoms are not so characteristic as 
in oats, although the retardation of growth is equally severe. Streaks 
of collapsed tissue occur on the lower leaves; they are sometimes whitish, 
developing between the veins, generally on the basal part of the leaf. 
In maize, manganese-deficiency causes a collapse of the mesophyll 
tissue, producing white stripes between the green veins and giving a 
very characteristic striped chlorosis. 

Manganese-deficiency is also known in mangolds and sugar-beet [48], 
and in the latter case the disease is frequently referred to as ‘speckled 
yellows’. When the beet seedlings are a few inches high, the foliage 
becomes yellow, due to the development of numerous yellow blotches 
in the interveinal tissue. The veins of the leaf remain green. The 
blotches may later turn brown, die, and fall away from the leaf. Fre- 
quently the edges of affected leaves curl upwards and towards the centre 
of the leaf. 

‘Pahala blight’ of sugar-cane has been shown by Lee and McHargue 
[52] to be due to a manganese-deficiency. "The most commonly occur- 
ring symptoms include long whitish chlorotic streaks on the leaf-blades, 
particularly the third, fourth, and fifth leaves below the youngest un- 
folded leaf of the top of the cane. Later, small reddish spots appear 
along the length of the white streaks and the growth of the plant is 
stunted. If the red spots are sufficiently numerous, reddish-brown 
streaks are formed along which longitudinal splits in the leaf-surface 
may occur. 

Schreiner and Dawson [53] describe manganese-deficiency symp- 
toms in tomatoes as retarded growth, failure to blossom, and a charac- 
teristic chlorosis, which gives a mottled appearance to the younger 
leaves and is followed by the development of necrotic spots in the 
yellow areas farthest from the veins. Similar symptoms have been re- 
produced in manganese-free water-cultures [8]. 

Manganese-deficiency in tobacco, according to McMurtrey [17], is 
characterized by decreased growth and a chlorosis of the newer or bud 
leaves, with necrotic spots scattered over these leaves. Small veins tend 
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to remain green, producing a checkered effect. The terminal bud re- 
mains alive although growth is checked. 

The particular type of chlorosis, which has been noted for sugar-beet, 
tomatoes, and tobacco, and which gives a mottled effect to the leaves 
owing to the contrast between the greenish veins and the yellowish 
interveinal tissue, appears to be frequently associated with manganese- 
deficiency in many other dicotyledonous plants, although such mottled 
effects are also produced by deficiencies of zinc (e.g. ‘mottled leaf’ of 
citrus) and copper. Similar types of chlorosis have been reported by 
Skinner and Ruprecht [54] for potatoes, beans, cabbages, cauliflowers, 
pepper, and beet growing on manganese-deficient soils. This type of 
chlorosis is clearly differentiated from that caused by deficient iron. 

Symptoms of severe manganese-deficiency have been induced in peas 
grown in nutrient solutions devoid of aye y apd a Growth proceeds 
normally until the manganese supplies of the seed are exhausted, when 
the young tendrils and the young internodes at the top of the stem 
acquire a brownish discoloration, at first superficial. The youngest 
leaves fail to expand, become yellowish, and develop small discoloured 
areas of collapsed mesophyll tissue between the veins. Slightly older 
leaves present the characteristic mottled appearance, the veins showing 
up as a fine green network surrounding the yellow mesophyll tissue. 
‘The symptoms develop rapidly after their first appearance and brown 
necrotic areas become more pronounced on the new leaves. Eventually 
the plant ceases growth at the tip, although the lower leaves may remain 
green for several weeks. 

Severe manganese-deficiency, as described above, causes death of the 
plant before the production of flowers and seeds. Pethybridge [15] 
has suggested that ‘marsh spot’ of peas—a disease affecting only the 
ripe seed—may be due to manganese-deficiency. Although not yet defi- 
nitely established, a good deal of evidence supports this view. If this 
is so, however, ‘marsh spot’ must be due to a partial deficiency, the 
plant being unable to obtain sufficient manganese to meet its require- 
ments at the time of seed-formation, for it has been stated that no 
unusual symptoms are recognizable in the field in the aboveground 
parts of plants bearing defective seed, such as would be found in the 
case of manganese-deficiency. Heintze [55] has induced the develop- 
ment of a proportion of ‘marsh spot’ in peas grown in sand-bentonite 
mixtures in some tentative experiments, but further carefully controlled 
culture experiments, with graduated amounts of manganese, are re- 

uired before a partial deficiency of manganese can be established as 
the real cause of ‘marsh spot’. 

The symptoms of ‘marsh spot’ of peas have been fully described by 
Pethybridge [56]. The name is derived from the prevalence of the 
disease on certain alkaline marshy types of soil in England and Holland, 
and from the presence of a distinctive spot which develops in the middle 
of the part mie of the ripe seed. The trouble is found only in ripe 


seeds and cannot usually be detected until the seeds are split open. 
Generally, gu sea of the seed only is affected, but normal and 
defective see 


$ may occur in the same pod. The characteristic spot 1s 
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re- found in the middle of the flat face of the cotyledons. It is rusty red 
or brownish and of variable size, being just visible in mild cases and 


eet, more extensive in cases of severe attack. However, the lesion never 
AVES extends over the whole inner face of the cotyledons. The plumule is 
vish generally unaffected, but in some severe cases its tip is brown and dead. 
ese- Germination is little affected, except in the latter cases, and then fre- 
tled ere i only to the extent that more than one main shoot is formed. 
” of Little work has so far been done on manganese-deficiency of fruit 
l by trees. ‘Taylor and Burns [57] describe a disease of citrus in New Zealand, 
ers, which gives rise to a mottled chlorosis of the leaves, and apparently 
e of responds to sprays containing manganese sulphate. The author has 
. also noted a characteristic chlorosis on almond and other deciduous 
peas fruit trees growing on a manganese-deficient soil near Port Lincoln, 
eeds South Australia. 
yhen 
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THE INFLUENCE OF ATMOSPHERIC TEMPERATURE UPON 
HAEMOGLOBIN AND OTHER CONSTITUENTS OF THE 
BLOOD OF CATTLE! 


MIGUEL MANRESA, N. C. REYES, FRANCISCO GOMEZ, 
LORENZO P. ZIALCITA, anp PRUDENCIO R. FALCON 


(Department of Animal Husbandry, College of Agriculture, University of the Philippines) 


In the Philippines, the raising of pure-bred cattle imported from tem- 
perate countries has been beset with serious difficulties. During the last 
forty years, practically all important breeds of both beef and dairy cattle 
of the world have been repeatedly imported into the Philippines. The 
subsequent histories of these importations are identical: high mortality 
occurs shortly after arrival, the productive and reproductive efficiency 
is greatly reduced, and the progeny born in the Philippines are unable to 
grow normally, despite careful attention to feeding, sanitation, and 
management. 

A typical example is afforded by the importation, in 1920, of Hereford 
cattle, composed of 100 bulls and 20 cows, from Texas, U.S.A. The 
animals, ranging in age from 2 to 5 years, reached Manila by a U.S. 
Army transport. After undergoing approved quarantine measures, they 
were distributed to the various government farms and breeding-stations 
of the Philippines. Private cattle-raisers from the southernmost part of 
the islands, Jolo and Mindanao, to the farthest northern reaches of 
Luzon, were permitted to purchase some of the animals. By 1932 [1] 
only two pure-bred Herefords traceable to this importation were known 
to be living. The few calves dropped were weak and stunted, and 
eventually died young. At the present time, no individual of the original 
importation nor a pure-bred progeny is known to exist. 

Gonzalez [2] reported in 1926 that pure-bred live stock originating 
from temperate countries was unsuitable for propagation as pure breeds 
in tropical countries, such as the Philippines. This statement has been 
corroborated in other parts of the tropical world: Jamaica, ‘Trinidad, 
North Australia, South Africa, Brazil, Formosa, India, and in the 
southern states of the United States [3, 4, 5, 6, 7, 8]. 

Our studies on the haematology of cattle were begun in 1930, in an 
effort to discover the physical basis for the lack of adaptability to tropical 
and subtropical environments of cattle imported from temperate coun- 
tries. A preliminary survey of the haemoglobin-content of the blood 
of different pure-bred and cross-bred cattle of the College of Agricul- 
ture revealed that haemoglobin determinations could be used as a guide 
in evaluating adaptability of the animals to given environmental condi- 
tions [9]. Both Philippine Native and Indian Nellore oxen were found 
to have high haemoglobin indexes, viz. 9:43-(0°13 and 9-87-L0-09 gm. 
per 100 ml. of blood, respectively; whereas both the American Hereford 
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and Holstein-Friesian were low in haemoglobin: 6°76--o-11 gm. and 
6:88 -+0-17 gm. per 100 ml. of blood, respectively. The cross-breeds, 
Nellore x Native, Nellore x Hereford, Nellore x Holstein, and Native x 
Hereford, were intermediate in haemoglobin-content between the breeds 
with high and low haemoglobin-contents. 

The haemoglobin indexes of the Indian Nellore and the Philippine 
Native cattle were not significantly different from those of the Holstein- 
Friesian in the United States, as reported by McCay [10], and by Brooks 
and Hughes [11]. ‘The indexes for the same breed of cattle in the 
Philippines, however, are significantly lower than those in the United 


States [11, 12]. This suggested the possibility that the temperature of | 


the air might have exerted a depressing influence upon the haemoglobin- 
content of the blood of the animals under consideration. It was there- 
fore decided to determine the fluctuations at hourly intervals during the 





day in one breed of oxen, the Indian Nellore, in periods of not less than | 


6 consecutive days. The data obtained showed that in the course of 
24 hours a negative correlation occurred between haemoglobin index 
and atmospheric temperature; that is, the haemoglobin tended to be low 
during hours of the day when the air-temperature was high, and vice 
versa. 

The same relationship was found to hold true in the weekly deter- 
minations of haemoglobin taken subsequently at uniformly fixed hours 
of the day during a period of one year. The haemoglobin index was 
higher during the months of December, January, and February, the 
cooler months of the year, and lower during the summer months. The 
absence of correlation between haemoglobin and relative humidity, as 
well as the different kinds of white blood-cells, were explained on the 
basis that with animals already acclimatized to a given environment, 
such as the Indian Nellore in the Philippines, fluctuations in the blood- 
composition take place without seriously affecting constitutional vigour. 

It became apparent that the temperature of the air was the most 
important factor concerned in the problem of adapting cattle originating 
in a temperate climate to the Philippines. An intensive study of the 
blood of the pure-bred Holstein-Friesian, pure Indian Nellore, and the 
first-generation cross between Holstein x Nellore was next undertaken 
to determine any gross differences that might exist in the physical and 
chemical composition of their blood. It was found that the haemoglobin 
number of red blood-cells, specific gravity of the blood, and the phos- 
phorus-calcium ratio in the blood-serum bore a direct positive relation 
to the ability of the animals to adapt themselves to temperature condi- 
tions, these claw highest in animals whose adaptability has been proved, 
and lowest in those showing poor adaptability. On the other hand, uric 
acid, serum phosphate, and the size of red blood-cells were inversely 
correlated to adaptability, being low in animals which had become well 
adapted and high in those showing poor adaptability. ; 

That the foregoing changes in the sedeal oud chemical composition 
of the blood seem to have Gon instituted to facilitate disposal of body- 


heat is quite apparent, since it was found that the body-temperature of 


the Holstein taken side by side with the Nellore and the first-generation 


cros 
tem 
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and | cross Holstein x Nellore was always consistently higher. The average 
eds, | temperatures of the animals studied during a period of 8 months were 
rex | 39°5° C. for the Holstein-Friesian, 38-7° C. for the Indian Nellore, and 
seds | 387° C. for the cross-bred. The body-temperature of the Holstein 
herein given is higher than that reported by Dukes [13] for normal 
pine | animals of the same breed in the United States, viz., 38-6° C. It is 
ein- } not surprising, therefore, that in the Philippines, Holstein-Friesian 
0ks | cattle, and for that matter also the Herefords, can frequently be seen 
the | panting most frightfully in the shade, while Indian Nellore, just a few 
ited | metres away, are grazing comfortably in the direct rays of the sun. ‘That 
eof | the high humidity of the air acts as an important contributory factor to 
bin- | temperature is shown by the fact that, with air-temperature remaining 
ere- | about the same, 24-9° C., a reduction of the relative humidity from 82 
‘the | to 75 per cent. causes a fall in body-temperature in the Holstein. In 
han | one instance the fall was from 40-1° to 39:2° C. Such an effect was not 
e of | observed in the Indian Nellore. 

dex Regan and Richardson [14] subjected heavy-milking cows of the 
low | Holstein, Jersey, and Guernsey breeds to varying degrees of temperature 
vice | ina large psychromatic room in which the air-movement was kept con- 





| stant and the relative humidity maintained at 60 per cent. throughout. 
ter- | They found that as the room-temperature increased the respiratory rate 
urs: | accelerated uniformly from 12 per minute at 4-4° C. (40° F.) to 124 per 
was | minute at 37°7° C. (100° F.).. At temperatures between 26-6° C. and 


the | 294° C. (80°-85° F.) the cows developed anorexia, and their milk flow 
The | declined very considerably. When it is considered that the mean annual 
, a8 | temperature of the air in the Philippines is 26-6° C., and the monthly 
the | maximum is not lower than 32-6° C. in any month of the year, the 
ent, | average monthly maximum being 33-9° C., a physical basis is found 
yod- | which accounts for the lack of adaptability of cattle imported from tem- 
our. | perate countries, and the futility of attempts to propagate them in the 
nost | Philippines. 

ting It is concluded, therefore, that temperature is the most important 
the | limiting environmental factor in the Philippines in the raising not only 
the | of cattle but also of other classes of live stock imported from temperate 
ken | countries, and that for this reason success is almost impossible. High 
and | air-temperature raises the temperature of the animal’s body. To facili- 
ybin | tate disposal of heat, the normal physico-chemical balance of the blood 


nos- | becomes greatly disturbed, and the changes resulting operate adversely 
tion | on the general constitution of the animal body, making it incapable of 
ndi- | adjusting itself under the new environmental conditions. The high 


ved, | annual, normal, relative humidity of the air prevailing in the Philippines, 
uric | Viz. 79:4 per cent., varying monthly from 69-8 to 85-5 per cent., has 
sely | served as an aggravating factor to air-temperature in preventing physio- 
well | logical adjustment, inasmuch as high humidity hinders reduction of the 
body-temperature by retarded evaporation and cooling. The combined 
tion | Operation of these factors, high atmospheric temperature and high rela- 
dy- | tive humidity, greatly retards radiation of heat from the animal’s body, 
eof [| and in this way handicaps the functioning of temperate-zone animals on 
tion | anormal plane of nutrition. 
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920. THE REACTION OF KIKUYU-GRASS (PENNISETUM 


_— CLANDESTINUM) HERBAGE TO MANAGEMENT 
Sci. D. C. EDWARDS 
lark. (Agricultural Department, Kenya) 


orth | KIKUYU grass constitutes one of the most important natural pasture types 
ater, | of Kenya. ‘The vegetation in which it occurs is limited to comparatively 
uct, f restricted areas at high elevations, and the grass itself has been recorded 

as occurring naturally only within the tropics of East Central Africa. 
_ P. clandestinum—Trifolium Johnstonit herbage forms a well-marked phase 
niv, | in the plant-succession of these highland areas, where the grass phases 
are related to soil fertility. The vegetational zone has been described 
elsewhere [1], and the distribution of the type in Kenya is shown on a 
vegetation map recently submitted for publication [2]. 

The Kikuyu-grass zone occurs as a number of scattered areas situated 
emo- | between 6,500 and 10,000 ft. altitude. ‘The mean temperatures of this 
lege | region are between 55° and 64° F. ‘The minimum annual rainfall under 
which the species thrives in East Africa is 40 in.,! but mountain mists 
are an important feature of the climate and they supplement the actual 
Dairy | precipitation to a considerable degree. The main soil type concerned 
is a deep lateritic loam, derived from a porous lava rock. 

Kikuyu grass is a stoloniferous, sward-forming plant, highly productive 
Nie of leaf and, in countries to which it has been successfully introduced, as 
; well as in its natural home, it is admirably suited to intensive grazing. 
anges | Despite this, and the fact that the Kikuyu-grass vegetation occupies the 

most productive areas of a country in which semi-arid conditions limit 
the utilization of the greater part, pasture management in these areas is 
still in a rudimentary form. It has consisted chiefly in the extensive 
utilization by Europeans of large holdings on ranching lines; and in 
native areas agricultural tribes with few cattle have been mainly con- 
cerned. Some of the most important European farming districts are 
situated within the zone, and a considerable portion of it is occupied by 
the Kikuyu native tribe. 

In common with most other natural pasture types, Kikuyu grass is 
unstable. Unless correctly managed it rapidly gives place to other and 
less desirable types of herbage. ‘This tendency to # ens is, unfortu- 
nately, already widespread throughout the Kikuyu-grass areas of Kenya; 
and in order to obtain information on the effect of grazing management 
upon the grass, the following investigation was undertaken at Kabete. 


Material and Methods 
Five }-acre plots were demarcated and fenced within a larger fenced 
area of approximately 60 acres. ‘The plots formed a line, with the fence 
on the longer side of each plot common to two adjacent plots. The whole 
of the large paddock in which the plots were situated had been subjected, 
' In certain countries to which the grass has been introduced it succeeds under 


lower rainfall, probably because evaporation is low in them. 
3988.30 H 





XUM 








102 D. C. EXNWARDS 
over a number of years, to grazing by serum-maker cattle of the Veteri- 
nary Research Laboratory. ‘The previous grazing treatment had been 
distinctly more intensive than that in ordinary farming practice in Kenya, 
even in the high-rainfall parts of the country. The whole of the area 
under consideration was dominated by Kikuyu grass with an admixture 
of the indigenous clover (Trifolium JFohnstonit), but there were signs of 
degeneration as shown by the advance of inferior grass species. 

The five }-acre plots were lettered from A to E and treated as 
follows: 


Plot A. Control, ungrazed. 

Plot B. Light grazing by 2 oxen for 5 days and then resting for 70 
days, i.e. 98 (12-hour) ox-days per acre per annum. 

Plot C. Medium grazing by 2 oxen for 10 days and then resting for 
30 days, i.e. 364 ox-days per acre per annum. 

Plot D. Heavy grazing by 2 oxen for 10 days and then resting for 10 
days, i.e. 728 ox-days per acre per annum. 

Plot E. Control, ungrazed. 


The animals were grazed during the day only, approximately from 
6 a.m. to 6 p.m., as control during the night would have been difficult, 
especially en little grass remained on certain of the plots. Further, it 
is the common practice in Kenya to remove animals to a night-paddock. 
Supplementary feeding was, at times, necessary, particularly on Plot D. 
The controls were placed at each end of the line of plots, in order better 
to reflect any variation of soil and herbage which might have to be taken 
into account. 

The work was started at a time when experiments were being made 
in the adaptation of technique developed in temperate countries to the 
requirements of unfamiliar vegetation. It was also necessary to confine 
the field work to a small proportion of the time of one worker. ‘The 
‘percentage productivity’ method was chosen as being the most satis- 
ieania for recording changes in the herbage, because it rules out the 
personal element common to most of the more rapid methods of pasture 
analysis, and it also has the advantage that separations in the laboratory 
can be entrusted largely to native assistants, so relieving the investigator 
of much time-absorbing work. 

Although, possibly, the data could have been made more convincing 
by a greater replication of the quadrat cuts used to produce the samples 
on which Tables 2 and 3 are based, it is believed that an account of the 
changes, sufficiently accurate for the purpose in view, has been given. 
One disadvantage of the method used 1s that it probably does not do full 
justice to the clover on account of the extreme shortness of this plant in 
a closely-grazed sward. _ oe 

Before it was finally decided to employ the ‘percentage productivity 
method, a trial of the ‘point quadrat’ method cl was made in July 1932, 
immediately before the results given in ‘Table 2 were obtained. This 
method is regarded as admirably suited to recording a close stoloniferous 
sward, such as that of Kikuyu grass under close-grazing conditions, but 
it appears of doubtful value when it is necessary to compare such a sward 
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eri- | with herbage consisting largely of non-stoloniferous species, as in the 
een present investigation. 
ya, Since the ‘point quadrat’ data show a general agreement with the initial 
irea records obtained by the method employed, when the whole of the plots 
ture were under short herbage at the outset of the experiment, they therefore 
sof | afford some support for the results given. ‘hese data are given in Table 1. 
The readings were made on one 1/50-acre subplot only, marked out 
| as | permanently in each }-acre experimental plot. The subplot was, in each 


case, situated near the centre, and selected as being representative of the 
plot as a whole. 


- ‘TABLE 1.—Percentage Area covered by Main Species at 
for Outset of Experiment 
10 : 
Point Quadrat Method 
r Io : . ’ > > . 
Species Plot A | Plot B | PlotC | Plot D | PlotE 

Pennisetum clandestinum . ; 43 45 54 64 63 

Trifolium Fohnstonit ; , 8 17 13 8 | 15 
rom Eragrostis tenuifolia — . : ‘ 29 18 4 8 2 
cult Cynodon plectostachyum ; 11 ay I es 
it Digitaria abyssinica , ; , 3 13 17 9 18 
f, | Sporobolus spp. . , ; , 7 ee 2 F 
ock. Cyperus spp. ; : ; I I 5 
t D. Harpachne Schimpert ‘ : sia I ae : 
etter ‘Burn’? ‘ ; : ; 5 = | 8 5 2 
aken Bare ground : : 

l'otalspp. otherthan P. clandestiuum 

PI 
and T. Fohnstonii é ‘ : 44 31 25 23 20 

nade 
» the * The term ‘Burn’ is used to denote dried leafage. 
nfine 
The Results 
atis- Before the above grazing treatments were started, records were made 


t the | of the herbage in each of the five }-acre plots. ‘Twenty 18 in. quadrat 
sture | cuts were made at random in each plot, on July 25, 1932; the ar of 
atory | the material from the twenty quadrats was thoroughly mixed, and a 2-lb. 
yator | green sample drawn from the mass. The samples were then air-dried 
in butter-muslin bags and analysed botanically for the main species. 
icing | Table 2 shows the composition of the herbage at the outset of the 
nples | €Xperiment. 


‘the vias : my : : 

I = [ABLE 2.—Percentage Composition of the Herbage before Grazing 
iven. ' ' 

abe. air-dry weight 

o full ( . ght) 

int in Species Plot A | Plot B | PlotC | PlotD | PlotE 
se Pennisetum clandestinum ; ‘ 37°0 | 47°9 43°0 52°8 55°6 
ivity Trifolium Fohnstonii . ‘ , 89 | 86 | 6°6 9°5 3°4 
1932; lotal other spp. ; 541 | 43°5 50°4 37°8 410 
This a = ; 
ots lhe species other than P. clandestinum and T. Johnstonii consisted mainly of 
crue Eragrostis tenuifolia and Digitaria abyssinica, with lesser quantities of Cynodon 
3, but plectostachyum, Cyperus rotundus, Harpachne Schimperi, Aristida adoensis, and 


ward Sporobolus spp. 





XUM 








104 D. C. EDWARDS 


The grazing treatments were started on Plots B, C, and D on August 
15, 1932, but subsequently, owing to severe locust attacks which would 
have masked the effects of grazing, the treatments were terminated after 
one period of grazing on each of the three plots. 

When the locust attacks had subsided, the grazing treatments were 
restarted on February 14, 1933, and were continued without a break 
until the end of December 1934. 

Further records of the herbage were then made in the same manner 
as on July 25, 1935, in order to determine the effects of the treatments, 
The corresponding date to that on which the initial records were made 
was chosen with a view to minimizing the possible effect of seasonal 
variation. A period of drought occurred after grazing had ceased, and 
there was little subsequent growth; for instance, the whole of the material 
obtained from the twenty quadrat cuts in Plot D (heavy grazing) weighed 
little more than 3 lb. Table 3 gives the composition of the herbage 
resulting from the various treatments. 


TABLE 3.—Percentage Composition of the Herbage after Grazing 
(air-dry weight) 


Species Plot A | Plot B | Plot C | Plot D | Plot E 
Pennisetum clandestinum ‘ >| tg 26:0 36-2 62°8 10°7 
Trifolium Johnston. ; . | Nil 6:1 5°9 79 | Nil 
Digitaria abyssinica. ‘ ‘ 62°3 40°! 24°0 17°2 60°5 
Other spp. ‘ : ; ; 10°7 18°5 29°2 8-7 15°7 
Total spp. other than P. clandesti- 
num and T. Fohnstonii ‘ . 73°0 58-6 53°1 25°9 76:2 
‘Burn’, all species . ‘ ; 11°6 93 | 48 3°5 ¥3°2 





In this series of records figures were obtained for Digitaria abyssinica as distinct 
from the remainder of the ‘Other species’, because examination of the herbage showed 
that where Kikuyu grass had been suppressed, Digitaria had mainly replaced it. 


The figures given in this table were supported by the appearance of 
the plots some time after the grazing had ceased. In the two ungrazed 
controls, A and E, but little Kikuyu grass was observed and clover was 
extremely rare; there was, however, a visibly greater proportion of 
Kikuyu grass in the herbage of Plot C (medium grazing), and Plot D 
(heavy grazing) presented the appearance of a practically pure sward of 
Kikuyu grass and clover. In addition, shrubs had appeared in the two 
controls and, to a lesser extent, in the lightly-grazed plot B. In fact, the 
general appearance of the plots indicated more marked differences from 
the treatments than are shown by the data obtained. These differences 
are still obvious, more than four years after the grazing has ceased. One 
change which is not revealed by the figures is the increase of clover which 
was first observed on the grazed plots in the early stages of the experiment. 

It has been pointed out previously tt that the maintenance of Kikuyu- 
grass herbage in the climatic areas where it occurs naturally is closely 
connected with soil fertility, and that the Kikuyu-grass phase of the plant- 
succession can be induced to replace the lower phases by the accumula- 
tion of animal manure, or by the increase of fertility due to ploughing of 
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ust | 2 degenerate sward. It therefore appeared desirable to supplement the 
ald inquiry into the effect of heavy grazing by investigating the mechanical 
effect of grazing, i.e. that due to constant defoliation, as distinct from 


ter the manurial effect resulting from the animal droppings. Accordingly, 
vee work was undertaken to determine the effect of prolonged cutting on the 
reak | herbage of the two control plots, A and E. A strip 4 ft. wide was cut 
across each of these control plots in May 1935, and thereafter the herbage 
wh * the strips was kept short by cutting with shears on the same day each 
ate month until May 1939. 
wi Trifolium Fohnstonu began to reappear in the cut strips (4x 54 ft.) 
onal | 2/most immediately, 2 plants were observed in Strip A on June 13, 1935, 
and | but none in Strip E. In January 1936 a considerable number of clover 
arial | seedlings were recorded on both strips, and in July of the same year a 


hed | count of the clover plants showed 74 in Strip A and 49 in Strip E. By 
| December 1938 the numbers had reached approximately 244 and 294, 


_ respectively, and thereafter the clover spread so much that it occupied a 
considerable proportion of the ground surface, and made impossible the 
counting of individual plants. 

During the above period, plants of Kikuyu grass gradually appeared 

- and became more and more abundant. By January 1939 there was observed 

t EB a distinct change in the herbage, as compared with the remaining uncut 

"7 portion of the control plots, and Kikuyu on had become dominant in 

‘il both cut strips. Although the advance of the clover anc the grass was 

"5 to a large extent concurrent, the former appeared clearly to precede the 

7 dominance of Kikuyu grass. Thus, in July 1936 it was observed that 

” the proportion of Kikuyu grass on Strip A had not perceptibly increased. 

2 In order to measure the change in the herbage observable in the 


regularly-cut strips at the beginning of 1939, control strips of the same 
tinct f width were marked out on either side and adjacent to them in both Plots 
owed } A and E. These control strips were cut short in May, at the same time 
as the regularly-cut strips were cut according to schedule. The whole 
‘eof | of the herbage resulting from one month’s growth was then removed 
azed | {rom all three strips, individually, in both plots on June 19, and 2}-lb. 
was | samples from each strip were taken for botanical analysis, 

af The following results show the composition of the herbage on the 
tt D | regularly-cut strips, as compared with the adjacent areas which had been 
‘dof | allowed to grow uncontrolled until a month before the samples were 
two | taken. 

- the Table 4 suggests that the yield of herbage obtainable from the Kikuyu- 
from | &tass sward produced under close-cutting treatment is greater than that 
nces | derived from the non-Kikuyu grass herbage of the control strips, after 
One f M€ month of growth. This result is in keeping with the figures for 
hich | round cover, and it is now relevant to inquire into the nutritive status 


ent. | Of the two herbage types produced. It has not yet been possible to 
yu obtain chemical data bearing on this question; but a consideration of the 
ysely — Proportions of leaf to stem in the Kikuyu grass and of grass leafage in 
ant- | the ‘Other species’ fraction of Table 4, taken in conjunction with the 
ula: f ‘"gures in that table for Trifolium Fohnstonii, leaves little doubt as to the 


ag of superiority of the Kikuyu grass and clover sward. 
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‘TABLE 4.-—Changes in the Percentage Composition of the Herbage 
due to Regular Cutting (air-dry weight) 


Pennisetum | Trifolium Total yield of 
clandestinum | Johnstonii Other spp. | green herbage by 
Plot A a 

Regularly-cut strip ' 65"1 15‘! 19'S 4} lb. 20 

Upper control strip 32 o'l 96°7 11 Ib. OV 

Lower control strip 6:2 o'r 93°7 2°4 |b. hi 

( 
Plot E P 

Regularly-cut strip ; 55°9 131 31°0 9 Ib. ” 

Upper control strip — . 23°93 o'2 88°5 4 |b. fa 

Lower control strip —. 12°0 ol 87°9 2} lb. in 

The high yield of the upper control strip of Plot A was due to several tall tufts of : 
Cynodon plectostachyum resulting from localized high soil fertility of unknown origin. 

The ‘Other species’ of ‘Table 4 consist mainly of Digitaria abyssinica, which clearly cl 
dominated the greater part of all four control strips. Cynodon plectostachyum was also W 
present in small proportion, and a Convoloulus sp. and Cyanthula polycephala were SI 
conspicuous in the long herbage of limited portions of the control strips, before the E 
herbage was cut short a month before sampling. Z 

Ni 
Before the samples were taken for botanical analysis, a rough estimate 
of the ground cover in the strips gave the following results: f 
"TABLE 5.--Percentage Ground Cover after Regular Cutting K 
Plot A Regularly-cut strip: O§ per cent. h 
Upper control strip: 10 to 50 = of 
Lower control strip: 20 to 50 a 
Plot E re 
Regularly-cut strip: 95 ms th 
Upper control strip: 50 “ 
Lower control strip: 30 to 50 = tt 


‘The ground cover of individual parts of the controls differed 

widely, as shown by the above figures. VI 

For the purpose of leaf and stem separations, 20-gm. samples were 
taken from the air-dry herbage fractions of ‘able 4. ‘The results are 
, °. ome . ; rr: ae r 
given in ‘Table 6, together with the percentages of Kikuyu grass, clover, B 


: - ps ah : . . ce 

and other species from ‘Table 4. ‘The leaf-sheath was included with the 

stem fraction in each case. 
Vi 
PABLE 6.— Percentages of Grass Leaf, Grass Stem and Weeds (not € ~—_ ‘ 
in the Kikuyu Grass and ‘Other spp.’ Fractions of Table 4, together with h 
the 'V'rifolium Johnstonii in the Strips n 
Pennisetum Trifolium A 
clandestinum Johnstonu Other spp. Cl 

u ceds 
Per cent Per cent, | Per cent Grass Grass (not c 

in strip Leaf Stem in strip in strip leaf stem grass) 

Plot A | a 
Regularly-cut strip 651 86-6 135 ist | 398 47:0 19'0 14°0 a 
Upper control strip 32 Ko 12 ol 90-7 548°6 184 yo nr 
Lower control strip 64 83:8 16-2 o1 937 67°5 20°5 12'0 "1 

Plot E | 
Regularly-cut strip 55°90 ko-9 gt V1 11-0 37-7 To 42 
Upper control strip 113 69°6 30'4 o2 KK s5 70°97 27°3 «| 20 Pp 
Lower control strip 12:0 69:7 3o'4 ol 87°9 60°7 3°7~«O& 56 
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Discussion 


‘The work recorded above constitutes the first attempt to determine 
by experiment the reactions of a natural- pasture type in Kenya. ‘There 
are several main types of natural pasture occurring in distinctly different 
yones of vegetation that will have to be investigated eventually, but, 
owing to the localization of Kikuyu-grass vegetation in some of the 
highest rainfall regions of the country, and the consequently greater 
possibilities of utilization, attention should first be directed to it. ‘This 
consideration, and the fact that Kabete was one of the few centres where 
facilities were available and close supervision of the work was possible, 
. influenced the choice of a site for these initial experiments in the manage- 
ment of natural pasture. 


ld of 
bage 


iain In the vegetational zone under consideration, the removal of the forest 

carly climax results in a herbage of Kikuyu grass and 77rifoltum Johnstonit 

also which, conjoined with gradual deterioration of soil fertility under exten- 

were sive management, gives place first to a coarse-grass phase, consisting of 

the Eleusine Jaegert and Pennisetum Schimpert, and later to herbage domi- 
nated by Themeda triandra. 

late Kabete is at the fringe of this zone, and the succession ts not rigid.! 
Further, it is probable that the Kikuyu-grass herbage is less stable at 
Kabete than in areas well within the zone. ‘There can be little doubt, 
however, that the main points to be deduced from the investigations are 
of wide application throughout the vegetational type. 

Turning to the results, ‘Tables 2 and 3 appear, in the first place, to 
reflect the gradual but steady degeneration which has been noticeable in 
the pasture of late years. Only under the heaviest grazing treatment, 
that of Plot D, has the tendency for the replacement of Kikuyu grass 
by other species ceased, whereas on the ungrazed plots clover has been 
virtually eliminated in less than two years. 

_ It is well known that in the Kikuyu-grass areas of the country, the 
are accumulation of animal manure results in a marked stimulation of the 
ver, grass, and is capable of inducing the return of Kikuyu grass in herbage 


the consisting of lower grass-phases of the succession. "This occurs on the 
Laboratory Farm at Kabete, where a rank growth of Kikuyu grass in- 
variably appears from a dege nerate sward in the spots where the herds 
- concentrate at night, and in the vicinity of feeding-troughs. Further, it 
vith has also been found that organic matter, such as grass clippings, has a 
marked beneficial effect on the growth of Kikuyu grass. It is therefore 
evident that a high level of soil fertility is an important factor in the 
cultivation of this grass. 


- The results obtained for close cutting and given in ‘Table 4 indicate 
55) clearly, however, that kee ping the herbage short is at least as important 

as the manurial effect incidental to intensive grazing. In fact, it would 
"0 appear from this table that the Kikuyu-grass sward can be satisfactorily 
eo maintained, under suitable climatic conditions, merely by close cutting. 

The result is, nevertheless, probably due in large measure to an indirect 
2 The coarse-grass phase is represented by Pennisetum Schimpert only in limited 
: parts of the Kabete area. Themeda triandra is widely distributed, 
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effect upon soil fertility through the clover, coupled with the fact that 
the stoloniferous habit of Kikuyu grass gives it a distinct advantage in 
withstanding frequent defoliation. It will be observed by comparing 
Table 4 with Table 2 that Trifolium Fohnstonit has been clearly increased 
in the regularly-cut strips of Plots A and E, and reduced to insignificant 
proportions in the uncut herbage. Other work has confirmed that this 
clover has a decided effect in raising soil fertility. 

It may be noted that flowering, seed-production, and seed-dispersal 
in Kikuyu grass are largely dependent upon the maintenance of short 
herbage. Only when the grass is moderately short has plentiful flowering 
been observed, whilst it is possible greatly to increase flowering by close 
cutting or grazing. The production of flowers is manifested by the 
appearance of long stamens, which are preceded by less conspicuous 
stigmas, as a bluish tinge over the sward. The peculiarities of flowering 
in this grass have been described in a previous publication [4]. Seed is 
produced practically at ground-level, and the chief means of dispersal, 
apart from distribution by the dung of certain animals, is sonided by 
the short flowering shoots drying off, becoming detached, and rolling 
over the ground-surface to considerable distances under the influence 
of the strong winds which prevail in the highland regions. 

In this investigation it has been possible, starting with degenerate 
Kikuyu-grass herbage, to produce, on the one hand, both by means of 
heavy grazing and cutting, a sward in which the grass is strongly domi- 
nant, and, on the other, a non-Kikuyu grass herbage, as the result of 
— protection from grazing. 

There is clear evidence that forest vegetation existed comparatively 
recently in the Kabete district, and limited areas of this forest are still 
to be found. The Kikuyu-grass herbage of the Veterinary Laboratory 
Farm is in itself sufficient evidence of a recent forest cover, as Kikuyu 
grass is dominant only within the Mountain Forest regions [2] and 
follows the clearance of the forest vegetation. The remnant of the forest, 
in the area under consideration, consists chiefly of occasional specimens 
of Ficus Hochstetteri, a large epiphytic fig, and Albizzia ponent The 
former was undoubtedly allowed to remain because it is held in reverence 
by the Akikuyu natives, and the latter persists probably because its 
timber is very subject to attack by termites, and therefore of little value 
for hut building, and also because it is said to be unsuitable as fuel. The 
railway was constructed through this area in 1899 and the track had to 
be cut through forest. 

Since the clearance of the forest, native and European occupation has 
prevented the return of the tree-vegetation, and gradual degeneration to 
the lower stages of the plant-succession appears to have occurred. On 
the Laboratory Farm the persistence of the Kikuyu-grass sward 1s 
evidently due to comparatively heavy stocking with animals in recent 
years. Over a considerable period roughly one ox per acre has been 
carried throughout the year. ‘There has been no regulation of the density 
of stocking to the growth-periods of the pasture, and consequently tall, 
rank herbage has persisted during, and for some weeks following, the 
rainy seasons, which occur from March to June and in October and 
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that | November. This tall herbage has been gradually consumed by the 
ein | animals until, at the height of the dry season, considerable supplementary 


‘ing | feeding has been necessary. As indicated by the results given above, the 
sed — method of stocking has been insufficient wholly to prevent degeneration 
ant [| from Kikuyu grass to an inferior pasture type, but it has dope much to 


this — retard the process. It is probably significant that the best areas of 
pasture are situated in the vicinity of the buildings, where rank herbage 


tsal } in the growing seasons has been largely prevented by the concentration 
ort fF of animals. 

ring The results given in Table 3 show that only the heaviest grazing treat- 
lose — ment has been successful in completely preventing degeneration of the 
the | sward. This treatment entailed extremely heavy grazing which kept the 
Ous grass as short as possible throughout the period of the experiment. ‘The 
ring — method employed is, therefore, not feasible in farming practice. ‘Table 4 
d is shows, however, that drastic defoliation at intervals of one month is 
rsal, sufficient, not only to prevent deterioration, but also to produce marked 
| by | improvement. 

ling From the evidence presented, and if indeed the suggested connexion 


nce between Kikuyu grass and the clover exists, the interpretation of the 

results to farming practice implies the necessity for intermittent close 

rate | grazing in which the periods of short herbage conform to the growth- 

s of — of the clover. The main difficulty in applying this information 
i 


ymi- es in the extremely rapid growth of the grass during the rains, which 
it of | occur in most areas at two periods in the year. In the few cases where 
intensive management has been attempted, great difficulty has been 
vely | experienced in dealing with the rank herbage at these seasons. It would 
still | appear that the difficulty might to a large extent be overcome by the use 
tory | of a mowing-machine and the making of grass silage at such times. 
uyu Haymaking would usually not be feasible, owing to the misty conditions 
and — of the typical Kikuyu-grass areas during the growing-seasons. Under 
rest, both European and native farming conditions, an adequate measure of 
nens | fodder conservation is imperative; so that a sufficient number of animals 
The — can be carried through the dry seasons on limited holdings, in order 
ence better to cope with the abundant herbage of the growing-seasons. 
> its The above conclusions, in regard to the vegetational changes which 
alue — are taking place in the Kikuyu-grass zone of the country, clearly have 
The — avery important bearing upon the whole agricultural policy of this 
d to region, and one which we cannot afford to disregard. Although it is 
believed that the total area of forest has not yet been greatly reduced, 
. has considerable areas at the fringe of and within the forest zone have been 
mn to cleared in recent times, and in these areas it is evident that progressive 
On § degeneration of the vegetation and of soil fertility is taking place. If the 
d is § fertility of these highly productive regions is to be maintained, both 
cent European and native stock-farming must take the form of intensive 
been utilization, as against the present practice of extensive and somewhat 
sity haphazard management. Further, since native tribes, which are often 
tall, engaged almost purely in agricultural pursuits, occupy a large part of 
_ the the area, the introduction of a much greater measure of stock husbandry, 
and under enlightened management, is an important consideration. Only by 
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such a development does it appear possible to provide a solution of the 
problem of soil impoverishment in certain of these thickly-populated 
native areas. It is thus evident that, in the absence of a full appreciation 
of the vegetational reactions discussed above, the continual removal of 
the forest climax to meet the increasing demands of development is 
fraught with danger, and through falling soil fertility must eventually 
lead to wholesale erosion. The Kikuyu-grass phase is dependent upon 
the maintenance of a high level of fertility, and it may not be unduly 
hypothetical to suggest that the key to the preservation of the most 
productive highland areas of Kenya lies in a method of animal husbandry 
which will ensure that the indigenous clover is enabled to play its full 
part in maintaining soil fertility. 


Summary 


An investigation, extending over approximately seven years, into the 
reaction of natural Kikuyu-grass (Pennisetum clandestinum) pasture to 
management, has shown that intensive grazing, embracing intermittent 
close grazing, is essential to the maintenance of the Pennisetum clandesti- 
num-Trifolium Fohnstonit sward. The relationship of this herbage to 
other phases of the plant-succession in the highland areas is discussed, 
and evidence given of the superiority of the Kikuyu-grass phase over 
the other grass phases. The vegetational changes that are taking place 
as the result of development in the particular climatic zone under con- 
sideration are described, and ped sn are drawn concerning the 
connexion of these changes with soil fertility and the preservation of 
this highly productive region. 
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THE LITTLE HOOS FIELD EXPERIMENT ON THE 
RESIDUAL VALUES OF CERTAIN MANURES 
D. J. FINNEY 
(Rothamsted Experimental Station, Harpenden, England) 


1. Introduction 


IN 1904 an experiment was begun on Little Hoos Field, Rothamsted, 
to test the residual values of certain manures up to three years from 
the year of application. The intention was to assess these values with 
respect to a fixed rotation of the four crops, swedes, barley, mangolds, 
and wheat; this order was, however, by no means maintained, and 
before the experiment ended in 1926, seasons of clover and fallow had 
been introduced. A preliminary examination of the yields was made by 
Hall in 1913.! 

Systematic design and frequent changes in the manuring system 
make it impossible to apply objective statistical tests to the experiment. 
It is therefore intended here to present a factual account of the course 
of the experiment followed by a discussion of those inferences which, 
in the author’s judgement, seem legitimate. ‘The reader is warned 
against placing too great a faith in these inferences. 


2. Description of the Experiment 


The experimental area comprised 40 plots, each of 1/8th acre (30x 
20 yds.) arranged in 8 parallel series, as shown in Fig. 1. One series was 
devoted to each of the eight manures under investigation in such a way 
that one of its five plots, the ‘control’ plot, never received the manure, 
and each of the remaining four was manured once in four years. These 
series are denoted by the letters A, B, ...H. The four sets of eight 
plots marked in Fig. 1 as a, b, c, d were manured in cyclic succession, 
except for slight variations in the later years; the eight remaining plots 
were the controls. ‘Thus, in any one year, there was one plot of each 
series manured in that year, one plot with the residual benefit of man- 
uring in the previous year, one plot with a two-year, and one with a 
three-year residue of manure. 

Of the manures tested five were nitrogenous (ordinary dung, cake-fed 
dung, shoddy or wool waste, Peruvian guano, and rape-dust) and three 
phosphatic (superphosphate, bone-meal, and basic slag). Series A-E 
received the nitrogenous, and series F—H the phosphatic manures in the 
order given. Certain basic manures, described in detail later, were 
applied to the whole of each series, including the control. 

Each year the same crop was grown over the whole area, the suc- 
cession of crops being shown in the second column of Table 4. The 
alternation of roots and grain was broken in 1910, whilst a further 
irregularity was introduced in 1917 and 1923 by the growing of clover. 
In 1925 the area was fallowed. 

' A. D. Hall, The Duration of the Action of Manures. J. Roy. Agric. Soc. Eng., 
1913, 74, 119. 
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It will be seen at once that this design has serious defects. Com- 
parisons between the average effects of the different manures over the 
whole manurial cycle involve the comparison of whole strips of the 
field, and will thus be biased by any differences in the inherent fertility 
of these strips. Similarly, in any one year, the sets of plots representing 
the four phases of the manurial cycle are almost coincident with strips 
at right angles to the manurial series. Since the number of crops in the 





A | d c b a Dung (ordinary) 
B d c b a Dung (cake-fed) 
Cc | d c b a | Shoddy 
D | d c b a Guano 
E | d c b a | Rape-dust 
| 

F | d c b a | Superphosphate 
G | d Cc b a | Bone-meal 
H d c b a | Basic slag 

| | 

5 4 3 2 I 


Area of each plot 1|8th acre 
Fic. 1. Plan of the Experiment 


rotation was usually the same as the number of phases, particular plots 
tended to carry the same crop at a given phase. As a result no balancing 
of the four sets of plots to eliminate fertility differences is possible, 
though the variations in the crop-rotation have enabled a partial 
balancing to be made. Further complications were introduced by the 
frequent changes in the quantities of the manures supplied and by the 
occurrence of the clover and fallow seasons. 

In view of this complete absence of randomization of treatments over 
the field, and the many irregularities in manuring and cropping, no 
attempt could be made to provide valid estimates of error. ‘The con- 
clusions reached are therefore based only on examination of appropriate 
averages. ‘The degree to which they can be trusted is largely a matter 
of opinion, though some indication as to the general uniformity of the 
field can be obtained from a study of the control plots. 





19 
19 
19 
19 
19 
1g 
19 
19 
19 
19 
19 
1g 
19 
19 
19 
19 
19 
19 
1g 
19 
19 
19 
19 


XUM 


n- 
he 
he 
ty 
ng 
ps 
he 


ter 
he 





THE LITTLE HOOS FIELD EXPERIMENT 113 
3. Manuring 


Table 1 shows the years in which the four sets of plots, a, b, c, d, 
received their manures. For the two clover seasons and for the fallow 
no manures were applied. In 1918, also, there was no manuring of any 
kind, and in 1919 the two plots due to receive dung were again missed. 
Consequently, after 1917, the comparison of the residual effects of the 
manures becomes more difficult. As the preliminary years 1904-6 must 
be rejected, the analysis to be given rests on the evidence of 1907-17, 
1922, and 1923, the remaining years having too many irregularities. ‘These 
thirteen years are marked * in Table 4. 


TABLE 1. The Four Manurial Cycles 


a b c d 
1904 1905 1906 1907 
1908 1909 I9IO0_ | IQII 
1912 1913 1914 IQI5 
1916 i Se I919* 
1920 1921 1922 1924 
1926 ; 





* No dung applied on Series A and B. 

The manures applied may be divided into two categories, experi- 
mental and basic. Until 1918 the basic manures were the same for the 
five series A-E and for the three series F—H, but after 1918 a scheme of 
‘balancing’ was introduced, which brought about differences between the 
series. ‘The quantities of manures given are set out in ‘Tables 2 and 3. 


TABLE 2. Experimental Manures, received by One Plot of a Series 


(quantities per acre) 


A B © D E F G H 
Super- 
Dung Dung | phos- | Bone- | Basic 
(ordinary) | (cake-fed) Shoddy Guano Rape-dust phate | meal | slag 
Year tons tons Ib. Ib. Ib. Ib. Ib. Ib. 
1904 16 (0°58) | 16 (0°72) 2,240 (12°6) | 896 (7°9) 1,120 (5°1) 600 430 600 
1905 = (0°47) »» (0°69) on ~ a we 
1906 =,,_—- (0°47) | ,, + (0°69) in e ve ve » , 
1907 » og9)| ,, (oS) a a ‘is 9% : + 
1908 », (0750) » (0°69) 956 (5°2) 776 (6°4) 1,036 (4°8) a 6 ‘6 
1909 »» (0°64)! ,, (0°72) * » » ”» , 
1g10 » (0°46); ,, (0°60) ; ee 5 
1911 ~~ See a. oe ~ 6 ee ve ‘ 
1912 10°4 (0°98) | 10°4 (0°93) 9 rs » | ” 
1913 16 16 m os os |6(4t7) ; 
1914 | ,, (0°30)| ,, (0°59) ‘ i os ©(C5°S) , 
1915 »  (0°46)| ,, (e709) os » , ” 
1916 13 13 % Ae - ‘ 
1917 ° ° ° ° ° ° ° ° 
1918 ° ° ° ° ° ° ° ° 
1919 ° ° 308 (13°0) 352 (8-8) 844 (4°7) 292 160 520 
1920 16 16 448 (8-9) “a (8-8) oe cao 268 we - 
1921 - A 308 (12°9) By (8°8) 776 (5°2) 270 | 196 224 
1922 » - ss (42°9) 364 (11°0) »»  (5°2) 272 ” ” 
1923 ° ° ° ° ° 1°] ° ° 
1924 | 16 16 332 (12°1) 344 (11°7) 776 (5°2) 272 222 270 
1925 ° ° ° ° ° ° ° ° 
1926 16 16 654 (6°1) 344 (11°7) 776 (5°2) 288 222 448 





Figures in brackets give the nitrogen percentages for the years in which they were determined. 
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In some years the nitrogen-contents of the nitrogenous manures were 
determined ; the percentages are shown in Table 2. 


TABLE 3. Basic Manures, received by All Plots of a Series 


(quantities per acre) 


A-E F-H 

1904 | 3 cwt. superphosphate 1 cwt. sulphate of ammonia 

1905 I cwt. ‘i 

1906 3 cwt. sulphate of | 2 cwt. Re 3 cwt. sulphate of 
potash potash 

1907 3 cwt. superphosphate I cwt. 

1908 3 -cwt. ee I cwt, 

19°09 _ 3 cwt. 29 I cwt. 

1910 I cwt. » 

191t 3 cwt. superphosphate, 200 lb. sulphate of | 1 cwt. a 200 lb. sulphate of 
potash potash 


1912 cwt. nitrate of soda 

1913 | 3 cwt. superphosphate, 200 Ib. sulphate of cwt. sulphate of ammonia, 200 lb. sulphate of 
potash potash 

cwt. ” 

cwt. ” 

cwt. 


1914 
1915 3 cwt. superphosphate 
1916 
1917 
1918 
1gI1g- 
26 


sm 


” 


In 1919 a new system of manuring was begun. The manure for each plot (except of series A and 
B) was rationed at 40 lb. nitrogen, 100 Ib. calcium phosphate, and 50 lb. potash per acre. Each plot 
was supplied with as much of its particular manure (shoddy, guano, &c.) as possible without exceeding 
the receipt in any of the three rationed ingredients. Any deficit in either of these three was then made 
good by adding the necessary quantity of sulphate of ammonia, superphosphate, or sulphate of potash. 
Series A and B were left as before. 


In 1908 the original allowances of shoddy, guano, and rape-dust on 
series C, D, E were reduced to the equivalent of 50 lb. of nitroger per 
acre, on the basis of the chemical analyses of the manures in that year. 
It will be noticed that the amount of shoddy supplied was much cut 
down by this change, suggesting that the shoddy plots had previously 
been receiving a much larger allowance of nitrogen than the others. 
This suggestion is supported by the only available analyses, those of 
1904 and 1908. ‘The quantities of manure per acre were then kept 
constant until 1916, irrespective of any variations in nitrogen-content. 
In 1912 and 1916 aD sn, pera of both types of dung were applied; 
in 1919 no dung at all was given. 

In 1919 anew sytem of manuring was devised for all except the two 
dung series. Before this the amounts and years of application of the 
basic manures had been determined according to no fixed principles. 
The Station Report for this year states: “The manure for each plot 
(except of series A and B) was rationed at 40 lb. nitrogen, 100 |b. 
calcium phosphate, and 50 Ib. potash per acre. Each plot was supplied 
with as much of its particular manure (shoddy, guano, &c.) as possible 
without exceeding the receipt in any of the three rationed ingredients. 
Any deficit in either of these three was then made good by adding the 
necessary quantity of sulphate of ammonia, superphosphate, or sulphate 
of potash. Series A and B were left as before.’ The large reductions 
in the amounts of shoddy, guano, and rape-dust used in 1919 as com- 
pared with 1916 are mostly accounted for by the improved quality then 
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THE LITTLE HOOS FIELD EXPERIMENT II5 
available. As a consequence of this rule, the quantities of the experi- 
mental manures were changed from year to year in accordance with 
quality variations, and compensating changes 1n the auxiliary manures 
were also made; these latter changes have not been tabulated since they 
have no particular interest. Series A and B received no auxiliary 
manures after 1915. 

4. The Control Plots 

The yields of all the control plots throughout the experiment are set 
out in ‘Table 4, together with the means of the five nitrogen and three 
phosphate controls. At the bottom of this ‘Table, and for the remainder 
of this paper, swedes and mangolds have been grouped together as root 
crops. It has been observed in the previous section that from 1919 
onwards all the controls were treated differently in respect of the basic 
manures. As, however, no striking differences in behaviour result from 
this change, it has been assumed that, even after 1919, the means of the 
five nitrogen and of the three phosphate controls may be taken as 
standards for the two sections of the experiment. 

Considering first the nitrogen controls, it is apparent that differences 
in the performances of the plots in any year are small. This may be 
taken as an indication that there are no very pronounced fertility 
differences between the five plots. ‘There is, however, a tendency for 
the yields of wheat and barley on Ar to be low, an effect which may be 
due to Ar being a corner plot, or may be indicative of lower fertility 
at this end of the field. Bearing in mind this warning, and assuming 
them to be representative of the corresponding five series, the control 
vields may be considered evidence that fertility differences in this 
portion of the field are not so large as to preclude the possibility of 
comparing the effects of the five manures in their four phases. 

The phosphate controls show similar regularity over the early part of 
the experiment, but in later years seem much less reliable. Like At, 
Fi is generally below average for wheat and barley, and again edge- 
effects may be the cause. The increased variability after 191g cannot 
be explained as due to the basic manures applied, as even then the 
quantities were almost identical on series F—H, but may have been 
caused by unequal incidence of phosphate-deficiency on the different 
plots. However, as stated above, modifications in the manurial 
cycles have made it impossible to compare many of the late years with 
the early ones and they have been little used in the analysis. Conclu- 
sions drawn from these series must be treated with greater caution, but 
are probably still substantially correct. 

Table 5 shows the mean yields for the first and the last three years of 
each crop (four years in the case of roots). There are indications that 
the yielding capacity of the plots has deteriorated both for roots and for 
barley. For wheat the differences are much less and, indeed, for the 
nitrogen controls are in the opposite direction. It would be rash to 
conclude that the rates of deterioration are really different for the 
different crops, as seasonal variation in yield must contribute greatly 
to the variation in these means. A more reliable deduction, since 
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TABLE 4. Yields of Control Plots 


(Swedes and Mangolds in tons of roots per acre, Barley and Wheat in bushels of 
dressed grain per acre, Clover in cwt. per acre) 


Mean of 





Mean of 

nitrogen phosphate 

Year Crop Al B2 C3 D4 E5 controls Fr G3 H5 controls 
1904 Swedes 9°7 9°4 | 10°0 | 10°0 | 10°! 98 10°6 9'0 75 9°0 
1905 Barley 18°g | 20°6 | 22°1 | 24°8 | 22°8 21°8 24°6 | 26°0 | 25°5 25°4 
1906 Mangolds| 149 | 14°! 15°5 | 161 16°8 15°5 19°5 | 17°! 14°2 16°9 
1907* | Wheat seg | 21°3 | 23°O | 2°72 | 23°3 22°5 25°7 | 281 | 288 27°5 
1908* | Swedes sa | s2°2 12°0 | 13°9 | 12°3 12°5 10°9 9°9 |. 87 9° 
1909* | Barley a6-y | 20°7 | 26¢°O | 33°6 | 32°23 30°2 36°6 | 32°7 | 29°74 32°9 
1910* | Wheat s4°6 | 33°32 | 34°32 | 14°53 | 25° 14°4 18°8 | 20°5 | 21°9 20°4 
1911* | Mangolds|; 9°5 | 10°0 9°6 9°9 | 10°5 9°9 6°7 7°4 8-4 75 
1912* | Wheat | 19°74 | 21°8 | 24°2 | 26°9 | 21°1 22°97 31°6 | 29°0 | 30°71 30°2 
1913* | Swedes 74 6°1 6°6 5°4 59 6°3 5°0 2°4 I°5 30 
1914* | Barley 20°4 | 24°0 | 20°7 | 23°9 | 19°3 an°F 23°3 | 28°6 | 304 27°4 
1915* | Mangolds| 5°4 72 6°9 6°6 4°7 | 6:2 48 5°9 62 56 
1916* | Wheat 20°7 | 21°3 16°5 | 17°8 | 10°1 *7°3 11-7 | 20°4 | 24°6 189 
1917* | Clover 41g | 40°8 | 45°3 | 47°6 | 52°6 45°6 4° | 43°7 | 41°6 42°1 
1918 | Wheat 36°3 | 38:2 | 36°5 | 37°2 | 39°3 37°5 35°6 | 34°6 | 36°8 35°7 
1919 Barley 10°8 | 14°7 | 13°4 | 13°6 | 13°6 13'2 10°8 | 17°6 | 19°8 16°1 
1920 Swedes 9°4 8-4 | 13°7 9°6 6°4 9°5 3 3°6 4°9 39 
1921 Barley 19°6 | 18°8 | 19°7 | 14°7 | 21°4 18°8 10°3 | 22°9 | 27°8 20°3 
1922* | Barley 20°9 | 26°9 | 22°8 | 17°9 | 19°7 21°6 20°2 | 29°2 | 20°8 23°4 
1923* | Clover 50°r | §3°9 | 44°6 | §2°2 | 63°0 52°8 43°8 | 43°1 | 49°9 45°6 
1924 Wheat 12°8 | 19°8 | 16°9 | 17°7 | 24°0 18°2 7°38 | 20°3 | 18-2 15°4 

1925 Fallow ae Sa ar < ie a a : ae a 

1926 Swedes 12°6 | 13°3 | 10°3 | 11°3 | 10°8 11°7 72 3°9 48 53 
Means} Roots (8) | 10-1 10°! 10°6 | 10°4 9°7 10°2 8-5 74 7°O 76 
Barley (6)| 19°6 | 22°4 | 21°3 | 21°74 | 21°5 21°2 210 | 26°2 | 25°6 24'2 
Wheat (6)| 20°8 | 22°6 | 21°9 | 23°0 | 22°2 22°! aro | 25°§ | 26-7 24°7 
Clover (2)| 46°0 | 47°4 | 45°0 | 49°9 | 57°8 49°2 42°4 | 43°4 | 45°8 43°9 


* These years only were used for Tables 6-18. 


seasonal variations are eliminated, is the occurrence of greater deteriora- 
tion on those plots in receipt of nitrogen only (the phosphate controls) 
than on those in receipt of phosphates only (the nitrogen controls). In 
support of this, the three crops all show greater reductions in yield on 
the phosphate controls. 

Attempts were made to relate the yields of the control plots to the 
yields a similarly manured plots in the Rothamsted experiments on 


TABLE 5. Deterioration of Control Plots 
(Units as in Table 4) 





Nitrogen Phosphate 

Crop AI B2 C3 D4 E5 controls Fr G3 H5 controls 
Roots (I) | 11-5 | 11-4 | 11°8 | 12°5 | 12°4 I1'9 11g | 10°8 07 10°8 
(II); 87) 88) 94) 82) 7o| 84 51 | 40) 44 4°5 
Barley (I) | 22:0 | 24°8 | 23-9 | 27°4 | 24°8 | 24°5 28-2 | 291 | 28-4 28-6 
(II) | 17°1 | 2071 | 18°6 | 15:4 | 182 17°9 23°O | 23°23 | 22°75 19°9 
Wheat (1) | 18-3 | 18-8 | 20°5 | 21°8 | 19°99 | 19°9 25°4 | 25°9 | 26-9 26:0 
(II) | 23°3 | 26-4 | 23°3 | 24°2 | 24°4 24°3 264. | 25° | aes 23°3 


(1) refers to means for the first 3 crops (4 in case of roots). 
(II) refers to means for the last 3 crops (4 in case of roots). 
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permanent roots, barley, and wheat. In spite of the fact that Little 
Hoos Field adjoins both Hoosfield (permanent barley) and Broadbalk 
(permanent wheat), there was little evidence of any close association 
for either set of controls. ‘This line of approach was therefore abandoned. 


5. The Manured Plots 


Tables 6-9 show the mean excess yield of plots in each phase of the 
four-year cycle over the mean of the nitrogen or phosphate controls for 
the same seasons. For reasons outlined in the section on Manuring, 
only those years marked * in Table 4 have been used. Thus for the 
roots crop in 1908, A2 received dung in the same year, whilst in 1911, 
As, in 1913, A3, and in 1915, As were the manured plots, and the mean 
of their excess yield of these plots over the means of the nitrogen 
controls in the same year is 3-4 tons per acre. The entries representing 
I-, 2-, and 3-year residual manuring effects are oe calculated. 
Since the clov er crops were unmanured, they show 1-, 2-, 3-, and 4-year 
residuals. 


TaBLe 6. Excess of Yield of Roots on Manured Plots over Mean of Controls, 
intons per acre. Means for 1908 (a manured), 1911 (d manured) 1913 (bd), 














1915 (a) 
Years since Manuring 
Manure O I 2 3 | All phases 

Dung (ordinary) : : 3°4 1°6 1°6 ° 16 
Dung (cake-fed) ; ‘ 4°4 2'8 1°6 —0o'4 2°1 
Shoddy ; ‘ . 2°6 aa 06 —o'6 12 
Guano . ; : , 29 o'3 o'4 —0'5 o'8 
Rape-dust ; ; ; 1°6 "4 0-2 —o'6 o"4 
Mean nitrogenous : 3°0 1°4 o'9 —0'4 rs 
Superphosphate 3°4 2°8 2°4 1°8 2°6 
Bone-meal I'9 2°97 2 o'7 1°6 
Basic slag 22 2°8 I°9 I°4 2°1 
Mean phosphatic 2°5 8 1°8 


13 2*1 
Mean nitrogen control 8-7; mean phosphate control 6°5 


All crops show marked responses to dung up to two years from the 
year of application. Both grain crops still show a large response for the 
three-year residuals, but clover appears still to respond after an interval 
of four years. As was stated by Hall in his earlier examination of this 
experiment, cake-fed dung appears to give a greater response than 
ordinary dung in the year of application, and possibly also one year 
later, though these differences do not seem as large as he suggested. At 
a greater interval from the year of application the difference disappears 
except in the case of clover, the figures for which are based on two 
seasons only. 

The other nitrogenous manures, with the possible exception of shoddy, 


show no evidence of any residual benefits after the season of application. 
3988.30 
I 
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But the likeness (found by Hall) between the effects of shoddy and of 
ordinary dung can scarcely be confirmed, as the responses to shoddy are 
very much less and the existence of the residual effect is by no means 
certain. Guano and rape-dust show responses similar to those of 


TaBLe 7. Excess of Yield of Barley on Manured Plots over Mean of 
Controls in bushels per acre. Means for 1909 (b), 1914 (c), 1922 (c) 


Years since manuring 





Manure O I 2 3 All phases 
Dung (ordinary) . : 16°9 14°I I1*4 oa 12°6 
Dung (cake-fed) ‘ : 20°9 16°4 g'0 10°9* 14°3 
Shoddy 5 : . 12°1 —o'8 0°5 50 4°2 
Guano . , : : 17°97 O'4 3°0 —13 $2 
Rape-dust ; , F 12°6 3°6 orl —I'l 3°8 
Mean nitrogenous . : 16:0 6:6 3°6 4°3 “6 
Superphosphate ; ‘ 10°6 2°8 2°4 18 4°4 
Bone-meal , ‘ ‘ 6°8 I‘2 52 Z'1 3°1 
Basic slag P ; ; 9°5 52 2°6 3°9 5°3 
Mean phosphatic. ‘ g'0 2% a 2°9 43 


Mean nitrogen control 24:5; mean phosphate control 27:9 
* Contains one 7-year residual 


TABLE 8. Excess of Yield of Wheat on Manured Plots over Mean of Controls 
in bushels per acre. Means for 1907 (d), 1910 (c), 1912 (a), 1916 (a) 


Years since manuring 





Manure O I 2 3 All phases 
Dung (ordinary). . 8-2 4°8 4°4 3°9 5°3 
Dung (cake-fed) : ; 12°2 8-0 | 4'0 41 7% 
Shoddy ; , ‘ 3°s 4° 2°8 o-4 yay 
Guano . ; , ‘ 6:2 03 —o°7 —@r? ¥-3 
Rape-dust ; ‘ ; 50 o"4 06 or! I°5 
Mean nitrogenous 70 3°4 2° 7 3°6 
Superphosphate ° °o'9 o'8 —o'9 o°2 
Bone-meal ; ‘ 2s 2°4 I*4 I'o I°5 
Basic slag ‘ ; il 3°4 2°7 2°0 4° Z°1 
Mean phosphatic. ; I's 2°0 1°4 I°4 1°6 


Mean nitrogen control 19:2; mean phosphate control 24:2 


shoddy for all crops in the year of application, there being a suggestion 
that guano approaches most nearly to the level of dung, though even 
guano gives markedly smaller yields except with barley. All these com- 
parisons between series would of course be affected by any fertility 
differences, which may exist even though not indicated by the behaviour 
of the controls. 

The effects of the phosphatic fertilizers show much greater differen- 
tiation between crops. It is impossible to estimate the extent to which 
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of this may be due to the greater variability in inherent soil fertility sug- 
re gested by the control yields in the portion of the field covered by series 
1S F,G, H. Basic slag seems consistently to show a considerable response 
of up to three years, clover showing a large residual benefit even four 


of TABLE g. Excess of Yield of Clover on Manured Plots over Mean of Controls, 
in cwt. per acre. Means for 1917 (a manured 1916), 1923 (c manured 1922 


Years since manuring 





. Manure I 2 E 4 All phases 
Dung (ordinary) 20°6 16°5 ES*2 12°0* 16°1 
Dung (cake-fed) 22°0 20°0 1g‘2 15°6* Ig‘2 
Shoddy re 4°2 -0'6 -5°4 —2°0 
Guano o°5 -2°6 2°1 22 —6°3 
Rape-dust 2°8 12 —0o'9 1° —o'9 
Mean nitrogenous 8°5 6:2 7° 40 6°4 

al Superphosphate 4°4 5°9 2°8 4'0 4°3 
Bone-meal 3°0 2°I 2°2 —1°4 I°5 
Basic slag 114 4°5 8-1 73 7°83 
Mean phosphatic 6-2 4°2 4°4 3°35 4°5 


Mean nitrogen control 49:2; mean phosphate control 43-9 
* Contains one 8-year residual 


TaBLE 10. Excess of Yield of all Root and Grain Crops over Mean of 
) Controls in bushels per acre (1 ton of roots taken as equivalent to 2 bushels 
of grain). Means for 1907-16, 1922 


Years since manuring 





Manure O I 2 3 All phases 

Dung (ordinary) : , 10°O 6-7 59 3°6 6-6 
Dung (cake-fed) : , 13°4 g'l 5"0 4°2 8:0 
Shoddy : : ; 6°4 2°9 1°6 rz 3°0 
Guano . 5 : ‘ 9°2 ° -0'°8 o'8 19 
Rape-dust : ‘ : 6°4 I°5 O'4 o'7 1°9 

= Mean nitrogenous . : g'I 4'1 2°4 I°5 4°3 
Superphosphate : 5°4 ie re | is 32 
Bone-meal P : ; ra 3°1 1°7 ‘7 27 
Basic slag ; : 5°4 4°4 2°8 3°6 4'1 
Mean phosphatic. ‘ 4°8 3°6 2°4 2°3 a0% 

Mean nitrogen control 20:0; mean phosphate control 21-1 

100 | years after application. Bone-meal shows similar, but smaller responses, 

ven | falling off more rapidly, particularly with barley and clover. Super- 

om- | phosphate gives large responses in the year of application for both 

lity roots and barley, but the barley responses are much reduced in later 

our | years; wheat appears not to respond at all to superphosphate. It is 
noticeable that barley has shown especially high responses to all three 

ert types of phosphate in the year of application. 

niC 


Table 10 shows the result of an ar bitrary combination of the grain and 
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root crops (11 in all) on the basis that one ton of roots is the equivalent 
of two bushels of wheat or barley, the means given being in units of 
bushels per acre. This transformation is obtained as an approximation 
to the relative mean yields in the county of Hertford. These figures show 
rather more distinctly the effects of the fertilizers discussed above, and 
also suggest that on the average there is a real residual effect of super- 
phosphate up to three years from application. 


6. Deterioration of Manured Plots 


Tables 11-13 are constructed in the same way as Tables 6-8, the only 
difference being that years prior to 1912 and later years are kept 
separate. Thus the first of each pair of figures gives the mean excess 


TaBLe 11. Deterioration of Manured Plots for Roots, in tons per acre 
(1) 1908, 1911; (II) 1913, 1915 


Years since manuring 





Manure O I 2 3 All phases 
Dung (ordinary) (1) a I°4 08 o'9 16 
(11) 37 7 2°4 —o'9 hy 
Dung (cake-fed) (1) 5°0 23 1°8 o'2 a3 
(II) 38 2 ¥°3 —1°0 1°8 
Shoddy (1) 2°6 2°8 1°4 o'2 1°8 
(II) 2°6 I°4 —Oo°2 —r4 0°6 
Guano (1) 3°5 ol "4 —0%3 I'o 
(11) 2°3 O'5 o'2 —o'7 | 06 
Rape-dust (1) 3°0 —or'l —o'2 —Oo's O'5 
(11) o'2 | ize) o'6 —o'8 o'2 
Mean nitrogenous (1) 3°5 3 °'9 orl I"4 
(11) 2°5 rs o'8 —F0 IO 
Superphosphate (1) 4°2 a2 2°4 1°6 2°8 
(IT) ee 2°6 25 2°1 2s 
Bone-meal (1) 3°3 3°9 1°2 52 2°4 
(II) 06 I°4 2 o'2 08 
Basic slag (1) 2°2 2°6 1°8 1°5 2°0 
(11) 2°2 3°0 1°9 1°4 2‘1 
Mean phosphatic (1) 22 2 1°8 I°4 2°4 
(11) 1°8 a3 1°9 2 1°8 


Mean nitrogen control (I) 11:2, (II) 6-2; mean phosphate control (I) 8-6, (II) 4:3 


over the controls for the first two years of the crop, and the second refers 
to the last two years (for barley the first figure is for 1909 only). Again 
only the years marked * in ‘Table 4 are considered. From these three 
tables, Table 14 was derived in the same manner as Table 10 from Tables 
6-g, again taking one ton of roots as equivalent to two bushels of grain. 
In this table the first of each pair of entries is the mean of five seasons 
and the second the mean of six. 

It has been observed earlier and is confirmed by the mean control- 
yields set below these four tables, that on the control plots yields in the 
later years were lower than in the earlier part of the experiment, with 
the exception of the wheat figures. It might be expected that manured 
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TABLE 12. Deterioration of Manured Plots for Barley, in bushels per acre 
(1) 1909; (II) 1914, 1922 





Years since manuring 


to 
. 
Ww | 





Manure O I All phases 
Dung (ordinary) (1) 9°7 78 5"0 —13 573 
(11) 20°4 73 14°6 12°9 16°3 
Dung (cake-fed) (1) 156 10°6 2°6 3°8 8-2 
(11) 23°6 19°2 12°2 14°4 17°4 
Shoddy (1) 5°6 r2 10°2 gs 5°5 
(11) 15°4 —1°8 —4°3 5'0 3°6 
Guano (1) 17°I —I'0 I°2 16 4°7 
(11) 18-0 —or'l —5'! —2°8 2°5 
Rape-dust (1) 10°3 —o'2 674 o'9 4°4 
(11) 13°8 5°6 —3'0 —2°2 3°5 
Mean nitrogenous (1) 1I°7 3°97 §°I 2'0 5°6 
(11) 18-2 8:0 2°9 5°5 8-6 
Superphosphate (1) a9 4'8 8-0 5°3 6°4 
(11) 12°2 1°8 —0o3 orl 3°4 
Bone-meal (1) 3°0 oe 6:2 1°4 2°9 
(11) 8:8 I°3 —1°3 4°0 32 
Basic slag (I) ‘Oo —0o'4 —3:0 —I'l —o'9 
(11) 138 8-0 5°4 6°4 8-4 
Mean phosphatic (1) 3°9 1°8 3:7 I°9 2°8 
(11) 11°6 a9 £2 3°5 5° 


Mean nitrogen control (I) 30-2, (II) 21:2; mean phosphate control (I) 32:9, (II) 25°4 


TABLE 13. Deterioration of Manured Plots for Wheat, in bushels per acre 
(1) 1907, 1910; (II) 1912, 1916 


Years since manuring 





Manure O I 2 3 All phases 
Dung (ordinary) (1) 5'0 2°3 E*3 o'9 25 
(11) 1I°4 fr 7°4 68 8-2 
Dung (cake-fed) (1) 9°6 5°6 I°4 —or'l 41 
(11) 14°8 10°4 6-6 8°3 10'0 
Shoddy (1) 5°6 a7 I°2 23 3°2 
(II) ae) 5'0 4°5 —1'2 2°4 
Guano (1) 7°0 —0o'4 —I°7 -0'8 I°o 
(II) 5°4 —0o°2 o'4 0°6 I's 
Rape-dust (1) 6:8 1°O —0'4 —o'2 1°8 
(11) 3°0 —O°2 1°6 "4 I°2 
Mean nitrogenous (1) 6:8 2°4 o"4 4 2°5 
(il 7°I 4°5 471 3"0 4°7 
Superphosphate (1) —2°0 = 52 — Es -2°0 =2°O 
(11) 21 3°0 3°0 o°2 2° 
Bone-meal (1) o'4 o'2 o"4 —o'8 or! 
(11) | 4°4 2°4 2°8 2°8 
Basic slag (1) I°4 o'4 o'2 2°6 I*2 
(II) 5°4 5°0 3°8 5°6 4°9 
Mean phosphatic (1) ° —0'2 = Org ° or 
(II) 3° 4°1 31 2°8 3°3 


Mean nitrogen control (I) 18-4, (II) 20:0; mean phosphate control (I) 24:0, (II) 24°6 
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plots would show greater excesses over controls in the second period, 
owing to their being less affected by whatever deterioration there had 
been. Table 14 supports this opinion for the two types of dung, but 
inspection of the preceding tables shows this to be entirely due to the 
grain yields, for which the effects of the dungs are much greater at all 
phases of the cycle in the second period. No such differences occur 
with the roots, nor do the other nitrogenous fertilizers show any con- 


TABLE 14. Deterioration of Manured Plots for Roots and Grain, in bushels 
per acre (1 ton of roots taken as equivalent to 2 bushels of grain) 


(1) 1907-11; (II) 1912-16, 1922 


Years since manuring 





Manure oO I 2 3 All phases 
Dung (ordinary) (1) 6°4 3°6 2°2 08 3°3 
(11) $3°2 9°3 8-9 6:0 9°3 
Dung (cake-fed) (1) I1'O 6-2 2°6 08 5'1 
(11) 15°3 12°0 y 6-9 10°3 
Shoddy (1) 5°5 40 3°6 3 3°8 
(11) Ye 2'0 —o'l 03 2-9 
Guano (1) 90 —0°3 —o'2 —o'2 2'1 
(II) 9°3 o'2 —14 —I°2 he 
Rape-dust (1) 7°2 o°3 o'9 —0'3 2"0 
(II) 5°7 2°5 08 — ia I°7 
Mean nitrogenous (1) 78 2°8 9 06 3°3 
(11) 10°! 5°2 2°9 2°2 Ss 
Superphosphate (1) 4'1 3°0 2°9 I°5 2°90 
(11) 6-6 3°3 2°6 15 3°5 
Bone-meal (1) 3°4 3°4 2°8 axe) 2°6 
(II) 38 2°9 i2 2°4 2°6 
Basic slag (1) os 21 I-O 2'0 I°9 
(11) 79 6-3 4°3 4°9 58 
Mean phosphatic (1) x ae 2°9 2°% Is 25 
(11) 61 ‘z 2°97 29 40 


Mean nitrogen control (1) 22-4, (II) 18-0; mean phosphate control (I) 23:1, (ID) 19°5 


sistent effects. Again, for wheat and barley, all three sources of phosphate 
show (in the year of application) much greater differences from controls 
after 1912; for wheat this is still the case at later phases of the manurial 
cycle, but for barley the effect is reversed for superphosphate and 
indeterminate for bone-meal. There are thus indications that all the 
phosphatic fertilizers are successful in maintaining the yield when first 
applied, but that in later years basic slag most successfully combats the 
effect of continuous cropping. For the phosphates also, the root crops 
show no striking differences in the two periods. 

It may again be observed that comparisons between the effects pro- 
duced on different crops should be made with caution, as seasonal 
variations may be largely responsible for the differences observed. In- 
deed, the whole evidence with respect to deterioration is unsatisfactory, 
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1, being based on very few years, and this section must be considered as 

d less reliable than the preceding. 

It 

- 7. Composition of the Crop 

- In the years 1904-12, 1914, 1916-18, nitrogen analyses of roots and of 

i- leaves, or of grain and of straw, were made on the crop from each plot. 
For the five nitrogen and the three phosphate controls, however, only 

s one analysis each was made—presumably from a mixture of the produce 


of the appropriate plots. It was therefore impossible to study the varia- 
tion in the control figures over the field, as was done for the yields. 
The nitrogen percentages for roots and grain on the manured plots 
were examined in the same way as the yields, being classified according 
to the manurial phase. Only eight years were available for this (roots 


TABLE 15. Mean Nitrogen Percentages in the Dry Matter of Roots and 





Grain 
Manure Roots (2) Barley (2) | Wheat (4) All (8) 
Dung (ordinary) 1°20 1°59 1°87 1°63 
Dung (cake-fed) 1°22 1°60 1°96 1°68 
Shoddy 1°28 1°56 1'97 1°69 
Rape-dust 1°05 1°52 1°92 160 
Guano 1°07 1°55 1°86 1°58 
= Controls . - ; ; 1°08 1°49 I*90 1°59 
Superphosphate 1°25 “53 1°84 1°61 
sai Bone-meal I 1°60 1°82 1°66 
Basic slag 1°26 1°59 1°82 1°62 
Controls : : : : 1°61 1°62 1°83 as ie 


1908, 1911; barley 1909, 1914; wheat 1907, 1910, 1912, 1916) and no 
differential effects of the four phases were sufficiently pronounced to 
be shown by those few years. ‘Table 15 shows the average nitrogen 
percentage over all phases for each crop and manure compared with the 


+5 control value. Both types of dung, and shoddy, appear to have increased 

the nitrogen percentage in root crops, but neither barley nor wheat 
te shows any such effect. A point which this table does not show is the 
Is very large increase in nitrogen-content on the shoddy plots from 1904 
al to 1907, three of which years are preliminary and have been rejected 
“dl from the main analysis. ‘The means on these plots for the four years 
he Were 2°92, 2°10, 1°41, and 2°30, as compared with control values of 1-57, 
st 1-61, 1:08, and 2-10. It will be remembered that from 1904 to 1907 the 
“ total nitrogen received by those plots was very high in comparison with 
ps the other nitrogenous series (see section 3), and this fact may account for 


the consistently higher percentages observed. Rape-dust and guano show 
o- no effects whatsoever. 


al Table 16 gives the corresponding figures from the analyses of leaves 
_. and of straw, and shows no evidence of any manurial effects on nitrogen 
~, percentage for the first five series of plots. 
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TABLE 16. Mean Nitrogen Percentages in the Dry Matter of Leaves and 





Straw 
Manure Roots (2 2) Barley (2) | Wheat (4) All (8) 
Dung (ordinary) , : , 2°84 0°46 0°36 1°00 
Dung (cake-fed) . i ‘ 2°94 0°49 0°34 1°03 
Shoddy P i ‘ ‘ 2°99 0°48 0°39 1-06 
Rape-dust . ; : , 2°81 0°48 0°37 I-OI 
Guano ; , , : 2°35 0°48 0°34 1°00 
Controls ‘ ; : . 2°99 0°48 O37 1°05 
Superphosphate . ? ‘ 2°88 0°48 0°34 IOI 
Bone-meal . , , . 2°99 0°59 0°34 1°06 
Basic slag. : , ’ 3°09 0°52 O°31 1°06 
Controls : . . : 3°08 0°62 0°35 I'lo 


On the phosphate view there appears to be a ry in nitrogen- 
content on manured plots for roots and for barley straw. With leaves 
the effect is not so clear, and for wheat straw it seems very small. As 
might be expected, little difference from controls is found in the ore 
analyses of either barley or wheat. The large effect of shoddy in the 
preliminary years is not so evident in these analyses. 

From 1904 to 1911, with the exception of grain in 1910, analyses of 
phosphoric acid were made on the produce of the phosphate plots. 
Apart from the preliminary years, this provided only four years for 
examination, and again no differences could be seen between the four 
manurial phases. Mean percentages for roots and grain over all phases 
are given in Table 17. Except the figure for basic slag on wheat, all the 


TaB_e 17. Mean Phosphoric Acid Percentages in Dry Matter of Roots 
and Grain 


Manure Roots (2) Barley (1) | Wheat (1) All (4) 
Superphosphate . ‘ , 0°367 0880 1°065 0°669 
Bone-meal ; ; : 0°358 0886 1022 0°650 
Basic slag. ‘ ‘ ‘ 0°348 o'914 o'981 0°647 
Controls 0°290 0:808 1°006 0°598 


fertilizers show increased phosphoric-acid content in the produce, a 
result confirmed by the preliminary years. There are no apparent 
differences between the fertilizers. 

In Table 18 are seen the corresponding results for leaves and straw. 


Tas_e 18. Mean Phosphoric Acid Percentages in Dry Matter of Leaves 
and Straw 








Manure Roots (2) Barley (1) Wheat (2) All (5) 
Superphosphate . ; ; 0658 0°193 0'186 0°376 
Bone-meal . ; : ‘ 0°698 o'1si oO'172 0°384 
Basic slag. ‘ ; ; 0-690 0°235 0'193 0°400 
Controls. ‘ : : 0°556 o'181 0°173 0°328 
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Again, increases over the control percentages are found with all three 
fertilizers, except that bone-meal failed to increase the phosphoric-acid 
content of straw. 


8. Summary 


Although it would be unwise to place too much trust in the inter- 
pretation of the Little Hoos Field experiment given above, a number 
of conclusions seem sufficiently supported by the yields to be put on 
record, in spite of the systematic design and the other weaknesses of the 
experiment. The yields of the control plots, particularly on the five 
nitrogen series, indicate that there was fairly uniform fertility over the 
whole field. More detailed study of these eight plots suggests that the 
three in receipt of phosphates only have suffered greater “deterioration 
than the five in receipt of nitrogen only, the difference in yields between 
the early and late years in all crops being greater for the former. 

Both ordinary and cake-fed dung produced increased yields up to 
three years from their application, there being a suggestion that the 
latter had the greater immediate effect. The other nitrogenous fertilizers 
show no response except in the year of application, when even guano, 
the best of the three, still falls below the level of the dungs. Such 
comparisons between the mean responses to fertilizers are, of course, 
‘confounded’ with any fertility differences which may exist between the 
series. Of the phosphatic fertilizers, basic slag shows the most con- 
sistent residual benefits, superphosphate being about equally successful 
with roots and barley, but of no apparent value with the wheat crops. 

With the form of manurial and crop rotation used, both types of dung 
successfully prevented deterioration in grain-yields in the later years of 
the experiment, though there was no such effect with roots. The plots 
of the other nitrogen series appear to have undergone deterioration in 
spite of manuring. Basic slag appears successfully to maintain the soil 
fertility over all manurial phases for grain, but with the roots it fails. 
These remarks on deterioration are unfortunately based on very few 
years, and differences between crops cannot with any certainty be 
claimed to exist. 

The examination of the nitrogen analyses of the produce which were 
made in the early years of the experiment shows no clear results, except 
a depression in the nitrogen percentage of all produce except grain on 
those series receiving the phosphatic manures; even this deduction is 
based on very slender evidence. In addition, on the shoddy plots, roots 
and grain showed a marked increase in nitrogen- -content during the 
preliminary years, when they were receiving a very high dressing of 
nitrogen. 

Determinations of phosphoric acid for the phosphate series are avail- 
able for very few years; with few exceptions the application of phosphates 
increased the phosphoric- -acid percentage in the dry matter of the 
produce. 

(Received November 29, 1939) 
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THE WEED PROBLEM IN NON-ROTATIONAL 
WHEAT-GROWING 


WINIFRED E. BRENCHLEY 
(Rothamsted Experimental Station, Harpenden, England) 


THE problem of weed eradication varies according to the type of cultiva- 
tion and the crops grown. A very specialized case occurs when cereals 
are grown year after year, as at Rothamsted on Broadbalk wheat-field 
and Hoos barley-field. ‘The continuous growing of wheat or barley year 
after year does away with the possibilities of weed reduction that are 
inherent in rotation cultivation. Also, as Broadbalk wheat is always 
autumn sown, the interval between harvest and sowing is too short to 
enable the land to be effectively cleaned by cutting down the weed 
seedlings by successive cultivations before the following crop is sown. 
Consequently special measures have had to be used to prevent the weeds 
from increasing to the detriment of the crop. 

Black bent.—Repeated autumn sowing greatly encourages black bent 
(Alopecurus agrestis), a grass with a similar life-history to that of the 
wheat, rendering it specially difficult to tackle. ‘The species germinates, 
grows, and ripens its seed pari passu with the wheat, and at harvest sheds 
its seed freely so that quantities lie in the soil ready for later growth. 
During the latter half ite nineteenth century, when labour was cheap, 
numbers of children and other workers were set to hand-pick the black 
bent, and great heaps were extracted each year. Gradually such measures 
became impracticable and others had to be sought. 

Poppies.—Until about 1907 the common poppy was either absent or 
insignificant, but a small patch appeared about that date and spread so 
widely and rapidly that by 1925 the field was red with it, and poppies 
and black bent shared the dominance. 

To reduce the excessive weed flora, drastic measures were essential 
and fallowing was carried out. As it was necessary to keep part of the 
field under crop to preserve the continuity of the records, three-fifths 
of the area was fallowed for the period 1925-7, and three-fifths for 
1927-9, the middle section thus getting a four-year fallow. In 1930 
the whole area again returned to crop. Each year numbers of samples 
of known volume were taken from certain selected plots, and after being 
reduced in bulk by washing away the silt through very fine sieves, were 
placed in earthenware pans and kept watered under glass for at least 
three years. As the weed seeds that were buried in the soil germinated, 
the seedlings were identified, counted, and removed. The soil was 
broken up to bring fresh seeds to the surface and the process repeated. 
In this way it was possible to get a census of the approximate number 
of viable weed seeds present in the soil before fallowing, the reduction 
due to fallowing, and the final effect of the fallow as shown by the rate 
at which any species re-established itself after the land was again cropped. 

The numbers of viable seeds buried in the soil before fallowing was 
very large, varying considerably with the manuring of the plots (‘Table 1). 
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TABLE 1. Seeds germinating during the Three-year Period 1925-8 
from areas of 5 sq. ft. on Broadbalk Field, Rothamsted. Sampled 
to 6 in. depth w in } October 1925 


27 main 19 minor 


Plot Manuring Papaver species | species | Total 

2 Dung 4,121 5,829 59 10,009 
va- 5 Minerals — 258 | 3,581 30 3,869 
al 7 | Am/S+mins. 16,095 | 7,443 12 23,550 
als ‘ > 5 
ld 10 | Am/S 4,618 3,190 22 7,830 
e 12 Am/S + mins. (no K) 30,458 3,609 4 34,071 
Car 16 | NaNO,-+ mins. 26,186 5,104 10 31,300 
are 18  Am/S & mins. in g,O11 7,501 25 16,537 
ays alternate years 
to Total from 35 sq. ft. 127,166 
ed 
vn. In round numbers, this works out at: 45 million main species per 


eds } acre; 113 million poppies per acre; 200 thousand minor species per acre. 
(A minor species was one of which not more than 20 individuals appeared 
ent } on all the samples from any one plot during the three-year period. 

the Periodicity.— Analyses of the figures obtained show that comparatively 
tes, | few species germinate freely throughout the year. Most species show a 
eds | definite periodicity, the — of seedlings appearing during the 
th. | autumn or winter, or both, and relatively few in late spring and summer 
ap, | Although most species on Broadbalk germinated most freely in the 
ack | autumn, a few were not much seen till late winter or early spring, 
res | whilst others showed little regularity and appeared throughout the years. 


t or Effects of Fallowing .and Cultivations on Weed Populations 
| so A most important factor in the weed problem is the length of time 


18} that seeds can remain alive in the soil without germination. Many seeds 

; are in a state of ‘natural’ dormancy for some time after they are shed, 
tial | and will not germinate even though they are in conditions favourable to 
the } sermination. When the natural dormancy breaks, the seeds will germi- 
- nate if they happen to be in a favourable situation, but if not they may 


remain in a state of ‘induced’ dormancy until cultivation brings them 
93° | up to the surface. Such seeds buried in the soil under conditions 


ples | unsuitable for germination may retain their vitality for many years. 
“IN Consequently, if they are suddenly brought to the surface, as in the 
vere 1 experiment described, there is often a rush of germination at first while 
cast | these seeds are worked out, after which the cycle of germination settles 
ted, | down as shown in Table 2. The intention in fallowing Broadbalk field 
was was to encourage as much weed-seed germination as possible, and to 
ted. J cut down the seedlings before they had any opportunity to flower and 
=~ seed, and this ent riled constant watchfulness and repeated cultivations. 


The effect of fallowing on the weed-seed population of the soil is 
rat¢ | really the result of a single factor, i.e. human interference with seedlings 
ed. | which have not been allowed to flower and dev elop seeds. If fallowing 
is efficiently carried out every germinating seed is put out of action, 
>) [and the degree of reduction depends upon the proportion of the seed 
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population which is brought into a favourable position for germination 
during the process of cultivation. The seeds which are still in a naturally 
dormant condition will not germinate, even when thus favourably placed, 
and the varying response of different weed species to fallowing 1s chiefly 
due to the variation in their period of natural dormancy. 


TABLE 2. Germinating Periods of the Principal Weeds 


Maximum Maximum 

germination germination in No regular 

in autumn late winter or spring periodicity 
Alchemilla arvensis Anagallis arvensis Aethusa cynapium 
Caucalis arvensis Arenaria serpyllifolia Alopecurus agrestis 
Galium tricorne Atriplex patula Capsella bursa-pastoris 
Legousia hybrida Bartsia odontites Matricaria inodora 
Myosotis arvensis Euphorbia exigua Senecio vulgaris 
Papaver rhoeas Linaria minor Sonchus arvensis 
Scandix pecten Medicago lupulina Stellaria media 


Veronica arvensis Polygonum aviculare Veronica buxbaumiti 
Veronica hederaefolia Polygonum convolvulus 

The degree of reduction effected in different species is best shown by 
Table 3, in which they are arranged in numerical order of response per 
100 seeds present before fallowing. 

‘The most unexpected result was the behaviour of Capsella, Arenaria, 
and Veronica buxbaumi in keeping up their numbers in spite of the 
frequent disturbance of the soil, but an adequate reason is revealed by 
a correlation of the habits of the species and the cultural operations 
carried out. Avenaria and V. buxbaumii are characteristically trailing 
species that begin to flower and fruit at a very early stage, comparatively 
soon after germination. As they continue flowering over a long period 
the soil is freely replenished with seed. The importance of the insignifi- 

cant, earliest-formed flowers has never yet been fully appreciated, but 
it is now becoming evident that this neglected habit is at the bottom of 
many failures to reduce weeds by methods of cultivation. Capsella is 
not obviously of the same type, but under certain conditions it behaves 
very similarly. Many plants will produce large rosettes of leaves and 
delay flowering till they are thoroughly well established. On the other 
hand, search among Capsella colonies, particularly during the winter 
months, reveals numerous tiny plants, perhaps only } in. high, flowering 
and producing seed at a very early stage in their life-history. All three 
species germinate freely during the winter months, and examination 
showed that there were various undisturbed periods when the land was 
under fallow when it would have been possible for these species, with 
their particular habits of growth and germination, to replenish the soil 
with seed. It is probable that the danger point for these species is the 
long slack period from October or November to March or April, when 
those in charge of farm operations would not be expecting that any plants 
— be sufficiently active in seed formation to do any damage. In 

Papaver rhoeas flowering and seed production is always delayed till late 
spring or early summer, although seeds may germinate freely from 
autumn to spring according to climatic conditions. This habit of flower- 
ing subjected Papaver to the full force of spring and summer cultivation, 
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so that no opportunity occurred for restocking the soil with fresh seed. 
The slow reduction to 46 per cent. in two years effected by fallowing in 
this case must therefore be attributed to the long period of natural 
dormancy in this species. Under experimental conditions in germination 


TABLE 3. Number of Viable Buried Seeds from Equal Areas 
in Three Successive Years (all 7 plots together) 


Land cropped August 1925, fallowed 1926, 1927 


Relative 
population 
(1925 TOO) 
192060 1927 
Group A 
Capsella bursa-pastoris . : ; . 109 97 
Arenaria serpyllifolia : : ‘ . 105 92 
Veronica buxbaumii . ; , i . 105 64 
Group B 
Veronica hederaefolia : : ; - 4! 
Papaver rhoeas : ‘ : ; . 63 46 
Group C 
Matricaria inodora . ; : ‘ « 3 35 
Linaria minor . ; ‘ : . . §2 27 
Legousia hybrida ; : : - 49 38 
Euphorbia exigua . ; : ; . 49 10 
Veronica arvensis. ; : : . 48 21 
Alchemilla arvensis . ‘ . 43 32 


Group D 
Bartsia odontites 40 
Sonchus arvensis ; ; : : : oe 19 
Myosotis arvensis 3 
Caucalis arvensis 3 
Group E 


Galium tricorne ; . : ‘ - 36 9 
Atriplex patula ; : ; : - 29 12 
Polygonum convolvulus _. : : > =. 2 
Senecio vulgaris 8 | 
Aethusa cynapium 8 


Medicago lupulina 
Polygonum aviculare 
Anagallis arvensis 
Alopecurus agrestis 
Scandix pecten 
Stellaria media 
Galium aparine 
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The species are arranged in order of the reduction undergone during the first 
year’s fallowing. ‘Those italicized in the last column are species which behaved 
abnormally for their group in the second year’s fallowing. 


pans, where a small volume of soil is thoroughly turned over eight times 
ayear, poppies were still germinating after six years in the pans. This 
fully accounts for the failure of even prolonged fallowing to bring about 
any adequate reduction of poppies on badly infested 1: ind, as the remain- 
ing seeds which gradually emerge from dormancy very soon recolonize 
the land, owing to the prolific seed production per plant. From the 
practical point of view it is evident that fallowing is an uneconomic 
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means of eradicating poppies, and other methods need to be sought to 
combat them. 

Another most important point is correlated with the effect of the time 
of fallowing on the weed flora. Early ploughing of the stubble encourages 
germination, and many of these seedlings are probably killed by winter 
conditions, whilst the great majority of the remainder are cut down by 
spring cultivations before they flower and ripen seeds. This is true for 
all except a very few species, notably Capsella bursa-pastoris, Arenaria 
serpyllifolia, Veronica buxbaumii, and Poa annua, which are able to reach 
the seedling stage very rapidly even in the autumn and winter months, 
and so can maintain their numbers of seeds in the soil in spite of repeated 
later cultivations. Under normal conditions fallowing operations begin 
by cultivating or ploughing the stubble as soon as possible after harvest. 
When the time arrived to begin the fallowing of the second half of 
Broadbalk field, the area was left untouched, owing to unavoidable 
circumstances, from harvest in August 1927 till March 1928. The first 
ploughing was then done, and fallowing operations carried on in the 
normal way. The delay in ploughing influenced the behaviour of various 
species in different ways, so that their response during the first year 
under fallow differed from that on the part of the field dealt with earlier 
(1925-7). 

When the autumn ploughing of stubble was omitted in 1927, an oppor- 
tunity was provided for several weed species to increase their stocks of 
seed in the soil (Table 4). Weeds were plentiful in the stubble, and 
many of them doubtless continued to flower and seed until they matured 
or were cut down by frost. This category includes Anagallis, Atriplex, 
Bartsia, Euphorbia, Matricaria, Polygonum aviculare, and Veronica 
buxbaumu. Another set of species apparently increased their seed stocks 
by the germination and rapid development of some of their shed seeds 
which were lying sufficiently near the surface. Arenaria, Capsella, Poa 
annua, Senecio, and Stellaria will all germinate and flower freely in the 
early autumn, and Veronica hederaefolia flowers and fruits abundantly 
in the very early part of the year. In all these cases the increase of seed 
in the soil was so large that fallowing operations from March to August 
failed to reduce them to their level at the previous harvest time. 

The remainder of the weed species were reduced by fallowing to a 
greater or less degree in spite of the delay in ploughing. ‘This does not 
necessarily imply that none of these species continued to ripen seed, but 
rather that any increase thus affected was less than the reduction by 
after-cultivation. Alopecurus, Papaver, and Sonchus, however, are species 
which would be unable to increase their seed stocks to any extent during 
the resting time before ploughing owing to their habit of growth. All 
have a long vegetative period before flowering, and when a crop of seed 
has ripened, another year elapses before the next generation has reached 
the same stage, so that the delay in ploughing would not affect the 
efficiency of the first year’s fallow with these species. ‘The varying 
response of the weed species to delayed ploughing is thus not connected 
with the general abundance or scarcity of any particular species, but 1s 
obviously associated with habit. It happens that Alopecurus and Papaver, 
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to | which together provided 87 per cent. of the total seed flora, are both 
species which have a long growing period before they flower and ripen 
ne seed in the summer, whilst Alchemilla and Veronica arvensis, which 
63 contributed a further 8 per cent., are also late-flowering species which 
er | are practically over by harvest time. 
by The importance of promptitude in beginning operations after harvest 
or 
ria TaBLeE 4. Number of Viable Buried Seeds in Successive Years 
ch (all 7 plots together) 
1S, Relative population 
ed in percentages 
rin (1927 TOO) 
st 1928 1929 1930 
; f Grass, chiefly Poa annua ; . OFF 224 632 
- Bartsia odontites  . : : . 320 185 655 
ble Capsella bursa-pastoris . ; . 290 124 183 
rst Senecio vulgaris. : : » B54 35 20 
he Arenaria serpyllifolia : « Sz 78 124 
US Atriplex patula , ‘ : . 250 12 27 
cs Stellaria media ; ; . 145 107 269 
car Matricaria inodora , : . 140 8o 140 
ier Polygonum aviculare 5 : » B25 34 73 
Veronica hederaefolia : , : E27 45 83 
or- Veronica buxbaumit . : . FEZ 36 21 
of Euphorbia exigua . : : + 110 29 86 
, Anagallis arvensis . , , . 108 BR 46 
ind Legousia hybrida . ‘ . 100 58 169 
red Linaria minor ‘ , ; - 98 84 2 
lex, Scandix pecten ; . 88 6 56 
‘ica Caucalis arvensis . ‘ F < 58 61 
Polygonum convolvulus  . . . II 22 
rm yg | 7 
cas Papaver spp. , : . Fe 45 59 
eds Veronica arvensis . . 92 43 123 
Poa Alchemilla arvensis ‘ : . 69 45 163 
the Aethusa cynapium . : ; . 61 2 39 
itly Medicago lupulina . ; ; ~ ‘8 34 155 
| Sonchus arvensis. : ; . 46 13 13 
ce Galium aparine. . 30 12 30 
rust Galium tricorne : ;. ae 13 44 
Alopecurus agrestis . ‘ : . 19 . 57 
oa Myosotis arvensis . : : ~ 10 42 
not . . . . . . 
but is further illustrated by grouping the various weed species according to 
by | their relative seed populations after one year under fallow, and comparing 
cies | the results of immediate and delayed ploughing (‘Table 5). 
ring Not only was the general degree of reduction much less in the 1927-8 
All | fallow, but nearly half the species were definitely increased, whereas this 
eed | Only occurred with a very few species in the earlier fallow. 
hed When land is cropped the processes of cultivation affect the weed flora 
the more variably than does fallowing. On the same area some species may 
ying | be drastically reduced whereas others may be doubled or trebled in 
cted | quantity. ‘This again depends on the correlation between the date of 
itis | Sowing the crop, the method of cultivation, and the habits of the weed 
wer, | Species as regards maximum period of germination and length of natural 
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dormancy. Some weed species respond to cropping and fallowing in the 
same general direction, being reduced by both methods of cultivation, 
Among these may be cited Polygonum aviculare, Scandix pecten, Veronica 
hederaefolia, Legousia hybrida, and Stellaria media. Other species may 
be generally reduced by fallowing, but behave variably under crop, being 
increased or decreased in different seasons. The most striking examples 
of these in 1925-7 were Matricaria inodora, Medicago lupulina, Veronica 
arvensis, and Sonchus arvensis. 

From the agricultural point of view it is apparent that unless fallowing 
operations can be carried out much more thoroughly than is usual, 
reduction of many weeds can be effected almost as well and more 
economically by intensified cultivation while the land is under crop. 
Other species, however, which tend to increase in some seasons under 
crop conditions, may be more effectively dealt with by fallowing if their 


TABLE 5. Summary of Effect of Fallowing for One Year on Percentage of 
Weed Seeds relative to Number originally present in Soil 


Fallowed 1925-6 Fallowed 1927-8 
(ploughed autumn) (ploughed spring) 
Over 100 percent.| 4 species (105-136 per cent.) 13 species (108—777 per cent.) 
81-100 per cent. ° 7 4 i 
41-80 per cent. > » te 
40 per cent. or less | 16 os 4 2 


predominance justifies the expense, which implies loss of crop as well 
as the cost of numerous cultivations. This is still more evident when 
the behaviour of the different species is considered after the land is 
again cropped. 

When land is recropped after fallowing the first wheat crop tends to 
be abnormally heavy, thus introducing increased competition with the 
weeds. Some species fail to reassert themselves, but others are able to 
withstand the competition of the wheat and can replenish their stores 
of seed in the soil by the time the first crop is harvested. A few species 
vary in their response, either remaining at a low level or re-establishing 
themselves quickly after fallowing. 

To a great extent the behaviour of the various weed species during 
the first year after fallow was continued for the next two years. Most 
species which failed to reassert themselves during the first year remained 
at a low level afterwards, whereas the majority of those which had shown 
a distinct upward tendency continued to increase more or less consider 
ably, this behaviour being independent of the actual proportion of any 
species in the total population. ‘The weeds may be classified in groups 
according to their response during the three years after fallow: 

1. Little or no recovery throughout: Aethusa, Anagallis, Euphorbia, 

Galium aparine, Galium tricorne, Linaria, Papaver, Sonchus. 
2. Little or no recovery in first two years, then an increase: Atriplex, 
Caucalis, Matricaria, Polygonum aviculare, Scandix. 
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Increase in first two years, then fall or steady in third: Capsella, 
Myosotis, Stellaria, Veronica hederaefolia. 
4. Steady increase throughout: Alopecurus, Alchemilla, Arenaria, 
Bartsta, Legousia, Medicago, Veronica arvensis. 
5. Quite irregular in behaviour: Grass spp., Senecio, Veronica bux- 
baumit. 

This grouping applies to the response after the 1925-7 fallow for 
which exact data are available, and the indications from field observa- 
tions after the later fallows are that on the whole the general trend of 
behaviour of the various species is similar. 

The varying rate of recolonization has resulted in a definite change 
in the balance of the weed flora, as some previously plentiful species 
have now become relatively insignificant, whilst others have come into 
much greater prominence. The persisting reduction of Papaver is the 
dominant feature in this change of balance, as the numbers are so large 
a3 to mask the more rapid increase of the rest. The steady reduction 
in the total seeds present in the soil caused by fallowing was followed 
by an equally steady increase year by year. After the third wheat crop 
the total number of buried weed seeds had reached and slightly exceeded 
the number present at the time fallowing operations began. From this 
point of view the beneficial effects of fallowing persisted for two years 
(Fig. 1). Leaving Papaver out of consideration, however, the recoloniza- 
tion by all other species was much more rapid. After the first crop the 
number of weed seeds had closely approached, and after the second crop 
far exceeded, the original stock present before fallow, the rise being con- 
tinued in the succeeding year. This rapid increase in weed seeds 
coincides with a parallel decrease in the yield of wheat, but no opinion 
can be expressed as to how far the relative movements of crop and weeds 
were correlated, especially as reduction in crop did not induce a corre- 
sponding rise in Papaver. As regards weed reduction, however, fallowing 
is for most species only a temporary expedient. There is also a certain 
risk that some species may profit by the after-fallow conditions to such 
an extent that their increase may be so rapid as to make them a serious 
menace after the lapse of a very few years. The critical period seems to 
be the behaviour during the first year of return into crop, when the 
future line of development of most — is apparently determined. 

Fallowing operations were primarily intended to reduce Papaver and 
Alopecurus, and were successful for Papaver, but the return of Alopecurus 
was unduly rapid. ‘The competition factor of Alopecurus has always been 
considered to be high, and a detailed comparison of crop yield and the 
number of Alopecurus seeds was made to see how far the two species 
reacted on one another. Complete data were available between 1925 and 
1933 for 77 cases in which wheat followed wheat on the various sections 
of the seven plots under examination. In 55 of these cases, as the wheat 
yield increased, the number of Alopecurus seeds decreased, and vice 
versa, but in the remaining 22 instances the crop yield and Alopecurus 
seeds moved in the same direction, both increasing or decreasing simul- 
taneously. It would therefore seem that although the two species usually 
come into active competition, conditions frequently occur which super- 
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sede the competition factor and either encourage or discourage wheat 
and Alopecurus alike. 

Prolonged fallowing, for four years, reduces the store of buried weed 
seeds more drastically, but does not eliminate them all. The ultimate 
re-establishment of species follows the same lines as after a shorter 
period of fallow, though it takes longer for any species to regain its 
original numbers of viable seeds in the soil. 
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Fic. 1. Average number of weed seeds per sq. ft. (seven plots together), showing 
re-establishment of weeds during the first three years after fallowing. 


During the experiment, a number of pans were retained after the 
usual three-years’ period had elapsed, and occasional seedlings appeared 
in this. ‘The pone pr natural dormancy for most species proved to range 
from 4 to g years, but with Aethusa cynapium, Anagallis arvensis, Medt- 
cago lupulina, and Polygonum aviculare this period may prove to exceed 
10 years. 

Bartsia odontites was found to be exceptional in its behaviour, as every 
seedling appeared between February and June, the majority coming up 
early in the year, and not a single one being seen between July and 


January. 
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eat ; 

Effects of Manuring 
eed Regular field observations and the germination experiments have given 
vate | closely concordant results, and show that it is largely the methods of 


rter | cultivation that determine the dominant species. ‘The prolongation of 
| its | experiments with the same crop causes the effect of the cultural condi- 
tions to be unusually marked. ‘The cumulative effect of long-continued 
manuring appears to be of secondary importance except in certain in- 
stances of serious deficiency, such as a lack of nitrogen or exhaustion of 
minerals induced by a prolonged application of ammonium salts only. 
Under these circumstances the influence of the manurial treatment be- 
comes the most important factor, and the flora undergoes a modification 
of a similar nature irrespective of the methods of cultivation. 

The varied manuring of the plots affects the weed flora in two ways— 
quantitative and qualitative. As regards quantity, it is again necessary 
to consider poppies separately on account of their overwhelming majority. 
They are specially encouraged by combined nitrogenous and mineral 
manuring (‘Table 1), and discouraged by one-sided fertilizers, especially 
by minerals alone. ‘The relatively low number occurring with dung is 
noteworthy, as a higher infestation might have been expected with such 
a general manure. This may partly be due to the distance of the plot 
from the original centre of infection, but is probably largely a true factor, 
judging by field observations. 

With other species bulked together, the numerical variation due to 
manuring is not so great, but is clearly marked. ‘The greatest encourage- 
ment is offered by a combination of minerals and nitrogen presented as 
sulphate of ammonia, whether these are applied together annually or 
separately in alternate years. With nitrate of soda as the source of 
nitrogen the weeds are less numerous and compare closely in number 
with those of the dunged plot. Deficient manuring, whether the de- 











| ficiency be nitrogen, minerals, or potash, causes a further reduction, 

roughly to about one-half of the number encouraged by sulphate of 
20) ammonia and minerals. Perennials, however, flourish on these plots. 
—— | The numerical variation may not wholly be due to the effect of the 
Ip manuring, as the number of viable seeds produced may be affected by 


the competition of poppies and the crop. Doubtless if poppies had been 
rowing | [€ss plentiful on some of the plots both crops and weeds would have been 
| affected, but we are concerned here only with the actual occurrence 
under the conditions of experiment. 

er the As regards quality, most of the major species are to be found to some 
yeared F extent on all or nearly all the plots examined, few being exclusively 
range ¥ connected with a particular type of manuring. Table 6 gives a list of 
Medi-} weeds which occur more plentifully on the plots cited than on all the 
exceed} others put together. 

For convenience of comparison the actual numbers of major species 
every} on individual plots are given in Table 7. 

ing up After the ‘oe field had returned into crop in 1930 it was decided 
ly and} to carry out a rotational fallow in order to keep the more rampant weeds 
in check. One-fifth of the field has been fallowed in rotation each year 
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TABLE 6. Association of Weeds with Specific Manures 


Linaria minor . : : : . Am/S almost exclusively 

Anagallis arvensis ; ; : ” 

Aethusa cynapium . ; : . Am/S; Am/S and mins. alternately 
Euphorbia exigua : ; ; - 

Sonchus arvensis : ’ 4 . Am/S; mins. 

Matricaria inodora . 3 . . Am/S; dung 

Bartsia odontites : ; : . Dung 

Veronica buxbaumii ‘ . ; Pe 

Medicago lupulina . : : . Mins.; Am/S and mins. alternately 
Myosotis arvensis : : : . Dung; ie 

Stellaria media. p , ; . Dung; Am/S+mins. 

Polygonum aviculare . ' , . NaNO,+ mins. 

Scandix pecten . ; ; : . NaNO,+mins.; Am/S-+ mins. (no potash) 


since 1931, and the second cycle will be completed in 1940. Similar 
sampling experiments have been carried out as was done with the longer 
fallows. The full details of this experiment are not yet available, but it 
is already very clear that for successful fallowing emphasis must be laid 
upon the technique of the operation. ‘The normal winter period, when 
the land is left untouched, is too long, as certain species can restock the 
soil with seeds even under apparently unfavourable seasonal conditions. 
It is also obvious that it is essential to stir the soil frequently during the 
spring and summer, whenever there is any sign of greenness due to 


TaBLE 7. Total Numbers of Weed Species per plot (5 sq. ft.) of 
Rothamsted Wheat, 3 years, 1925-8 


Am) S 
| Am/S+4 Mins. 
Mins. Mins. |NaNO,)} alter- 
Weed Dung | Mins. |+ Am/S| Am|S | (no K) | + mins.| nate 

Major species | | 
Myosotis arvensis ; ‘i P ; 395 8 51 4 | I 107 342 
Bartsia odontites . : : ‘ ‘ 149 39 5 | a ° I 62 
Stellaria media . ; ; ‘ 3 113 I 58 7 | 7 9 10 
Veronica arvensis , ; i ; 986 798 894 | 9 43 553 880 
Veronica buxbaumii . : . 167 6 16 I ° 7 4 
Medicago lupulina . . : : 10 144 22 ° ° 5 94 
Veronica hederaefolia . ‘ ‘ ‘ 284 371 270 10 157 | 165 220 
Alchemilla arvensis : : , - 11,593 |1,217 | 2,977 31 63 | 1,315 | 2,094 
Arenaria serpyllifolia . ; ’ ; 15 70 203 3701 141 | 39 79 
Capsella bursa-pastoris . ‘ ‘ , 54 33 177 12 | 18 | 74 | 74 
Caucalis arvensis : ‘ : : 28 102 113 6 | II 6 84 
Polygonum aviculare . , ; . 62 99 410 220 | 292 354 254 
Aethusa cynapium ‘ , ‘ 11 12 17} 191 | II 55 113 
Anagallis arvensis ‘ ‘ ; ‘ 4 ° ° 145 | ° ° 0 
Euphorbia exigua ; : . : 5 59 4 249 | 14 8 179 
Linaria minor. ; ‘ ; . ° ° I 540 | 3 ° 0 
Matricaria inodora ; ‘ : = 45 I 8 53 3 17 21 
Sonchus arvensis . ; ; ; ; 7 42 31 69] II 7 15 
Papaver spp. ‘ , . ‘ « | 4,385 258 | 16,095 | 4,618 | 30,458 | 26,186 | 9,01! 
Scandix pecten . ; ‘ : ; 193 | I 52] 33 338 326 15 
Galium aparine . : ‘ ‘ 85 3 80 10 | 23 112 41 
Polygonum conv olvulus. ‘ F ; 12 I 2 4 | 6 65 | I 
Senecio vulgaris . ; ; 5 ; 106 33 52 13 170 191 73 
Alopecurus agrestis ; - . - 11,473 436 1,665 | 1,318 2,021 1,234 | 2,035 
Atriplex patula . ‘ ; : F 9 3 16 99 | 213 | 194 292 
Galium tricorne . é ; : J ° ° ° | 14 | ° | 25 40 
Grass spp. i i - , II 11 15 8 | 22 | 13 25 
Legousia hybrida. 12 41 335 72 41 | 222| 45! 
Minor species (19 species added together) | 59 30 12 22 | 10 25 

5 4 | 
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seedlings, as special tests have shown the capacity for germination of 
seeds, apparently unripe, which are developed on small plants of various 
weed species. In circumstances when badly infested land cannot be left 
without a crop for a whole year it seems probable that with more inten- 
sive methods of cultivating the fallow a considerable measure of control 
of most weed species could be obtained by working the soil frequently 
from harvest to early spring, prior to sowing another crop. 

REFERENCES TO WORK ON BROADBALK WEEDS 
W. E. BRENCHLEY and K. WARINGTON. The Weed-seed Population of Arable Soil. 
I. Numerical Estimation of Viable Seeds and Observations on their Natural 
ali Dormancy. J. Ecol., 1930, 18, 235-72. 
ash) —— —— The Weed-seed Population of Arable Soil. II. Influence of Crop, Soil 
‘1 and Methods of Cultivation upon the Relative Abundance of Viable Seeds. 
miular Ibid., 1933, 21, 103-27. 
onger ——-—— The Weed-seed Population of Arable Soil. III. The Re-establishment 
but it of Weed Species after Reduction by Fallowing. Ibid., 1936, 24, 479-s5or1. 
e laid K. WaARINGTON. The Influence of Manuring on the Weed Flora of Arable Land. 
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BIONOMIC STUDIES ON INDIGENOUS AND EXOGENOUS 
CATTLE IN THE SEMI-ARID REGIONS OF THE UNION OF 
SOUTH AFRICA! 


J. H. R. BISSCHOP 


(Department of Agriculture and Forestry, Division of Veterinary Services, Onderstepoort, 
Pretoria, South Africa) 


Our farm animals, as bionomic units, are the products of two inter- 
acting sets of factors, hereditary and environmental. Full phenotypic 
manifestation is only possible under conditions of an optimum environ- 
ment; adverse conditions, as in many semi-arid regions of the tropics 
and subtropics, set very narrow limits to the degree of genetic improve- 
ment permissible, and breeders are forced to pay particular attention 
that their selective breeding shall remain ‘strictly relative to the prevail- 
ing environment’. In countries like the Union of South Africa, basal 
knowledge of the relations between environment and animal function is 
necessary and similar research techniques must be adopted to ensure that 
results in different environments shall be comparable. This paper dis- 
cusses the methods employed at the Veterinary Research Station, 
Armoedsvlakte, 130 miles north of Kimberley in the Vryburg district 
of the Union of South Africa, to collect data on the prevailing environ- 
ment and its macro- and micro-morphological effects upon the experi- 
mental animals. 

The Bionomic Experiments at Armoedsvlakte.—Early in 1925, some 
300 indigenous nondescript cows and heifers on the station were divided 
into four breeding herds which have since been systematically graded 
up with pure-bred Afrikaner, Friesian, Red Poll, and Sussex bulls, 
representing respectively the indigenous, and the dairy, dual purpose, 
and beef types of European cattle. At the present time the herds 
number between 800 and goo head and consist of {- and }3-bred animals. 


Comparisons can therefore be made between the reactions of similar | 


grade-, age-, and sex-groups of indigenous and exogenous types to the 
prevailing environment, and between the different functional types to 
the same environmental complex. Also ten pure-bred Red Poll cows 
were imported from England in 1925 to compare the reaction of succes- 
sive generations of pure and grade Red Poll cattle to the environment. 
‘The experimental programme can be divided into two parts: 

(a) Part 1 covers the period of phenotypic adaptation of the exogenous 
grades to the prevailing environment. It will probably not be completed 
for another five or six years. Its main object is to measure the develop- 
mental, productive, and reproductive changes which the experimental 
cattle undergo; no special effort is being made to determine the relative 
importance of the environmental factors that influence animal function 
adversely. Results so far indicate that the Afrikaner cattle have main- 
tained their functional standards, but the Friesian, Red Poll, and Sussex 
grades have undergone retrogressive changes [1]. 


‘ Read at the Seventh International Genetical Congress, Edinburgh, August 1939 
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(b) Part 2 will be started when the adaptation has been, in the main, 
achieved. It may be termed the ‘phase of regeneration tests’ in which 
critical experiments will be conducted to examine whether the con- 
formational and functional modifications exhibited during the first part 
are only phenotypic, the exogenous grades possessing most of the 
potential excellence of their pure-bred sires. ‘To determine which of the 
environmental influences limit bovine function and to ascertain their 
relative potency, groups of ‘adapted’ cattle will be kept from birth on- 
wards under conditions where one or more of the controllable limiting 
factors have been partially or totally eliminated. 


EXPERIMENTAL METHODS 


A. Methods employed to obtain Data about the Environment 


Soils. ‘The soils at Armoedsvlakte are dolomitic in origin, shallow, 
and overlie a layer of tufaceous limestone, from 2 to 8 ft. deep. 
Chemically, they are characterized by a high calcium- and by an 
exceedingly low phosphorus-content, the latter constituting one of the 
primary environmental limitations. 

2. Climate. For the past 19 years, meteorological data have been 
collected on maximum, minimum, dry- and wet-bulb temperatures, 
barometric pressures, hours of sunshine, velocity and direction of pre- 
vailing winds, degree and nature of cloudiness, and on amount and 
intensity of rainfall. Recent acquisitions are an actinometer to measure 
the total intensity of the sun’s light-rays, a dosimeter to record the 
intensity of the ultra- violet rays, and a cooling ball to measure the total 
heat of the sun’s rays. 

The annual rainfall varies from 7} to 23 in., with an average of just 
over 16 in., but the average effective rainfall is less than 6 in. This 
meagre and variable precipitation, which falls during a short summer 
season, constitutes the most potent of all environmental disabilities. 
Situated on an inland plateau at an altitude of 4,000 ft., Armoedsvlakte 
is subject to extreme diurnal differences in temperatures. During the 
last 19 years, day and night temperatures have differed from 41° to 
57° F.; the av erage maximum temperature for January has been g9° F. 
the av erage minimum for July 23° F. A very low level of relative humid- 
ry further taxes the physiological apparatus of the experimental animals 
for heat elimination and preservation. Data collected up to date seem 
to indicate that the abnormally high intensity of actinic rays is harmful, 
not only to animals but also to humans of European origin. 

3. Nutrition. ‘The vegetation is sparse, the carrying-capacity low, 
and the level of nutrition varies enormously from month to month. 
Pasture samples for analysis have been collected every month for the 
last seven years, two series being taken. The first, or ‘veld sample’, 
represents the available grazing in proportion to the relative — 
of the various grasses and other edible plants present. ‘The second, 
‘animal sample’, is collected by following grazing cattle and taking, so 
far as possible, samples of what they actually eat, thus allowing for the 
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effect of the astounding selectivity exhibited by cattle grazing on mixed 
pastures under open-range conditions. 

The pasture provides a diet that is complete in both quantity and 
quality for only 8 to 12 weeks per annum. For the rest of the year the 
pasture herbage is hard, dry, unappetizing, and innutritious. It becomes 
very deficient in protein and in phosphorus and, owing to its fibrous 
nature, contains but little available nutrients. It would appear that the 
cattle actually suffer from deficiency of carbohydrate during the winter 
months. For a true evaluation of the nutritional aspect of the environ- 
ment, information is also needed concerning the amount and availability 
of the nutrients in the pasture eaten; stalls are being built for digestibility 
trials and a method is being perfected to estimate an animal’s con- 
sumption while grazing freely on the open range. A comparison of their 
respective analyses shows that the ‘animal sample’ is chemically superior 
to the ‘veld sample’, even during the winter months. 

4. Prevailing diseases. Anthrax, Quarter Evil, Anaplasmosis, and 
Babesiosis are successfully controlled by vaccination, tick life by system- 
atic dipping. Tuberculosis and contagious abortion have been eradicated 
by biological tests, proper isolation, and where necessary by the destruc- 
tion of a few cattle. By feeding a phosphatic supplement to the cattle, 
‘lamsiekte’, once responsible for an annual loss of more than 30 per cent. 
of the cattle on the farm, has disappeared. Even those animals which 
for experimental purposes do not receive such a supplement, are pro- 
tected by vaccination with a parabotulism toxoid. Poisonous plants 
cause quite a few deaths; as far as is economically possible they are dug 
out. Clinical conditions such as ophthalmia and wounds, as well as 
sporadic cases of mastitis, metritis, coccidiosis, &c., are attended to as 
a routine procedure. Detailed records are kept. 

5. Systems of animal and pasture management. At Armoedsvlakte 
everything possible is done to eliminate the human factor as an adverse 
influence, and to increase it as a beneficial ecological force. 

(2) Animal management. In selecting bulls, care has been taken 
to choose animals showing phenotypically those attributes which are 
believed to make them suitable to the prevailing environment. As far 
as possible, the bulls used have been obtained from selected blood-lines. 

Breeding, calving, and weaning seasons have been planned to fit in 
best with prevailing conditions of nutrition and climate, so as to ensure 
optimum calf-crops and growth-facilities. ‘The breeding-season is from 
February 1 to end-April; the calving season from November to end- 
January. All calves are weaned on October 1. At least 4 per cent. bulls 
are used. Services are controlled and recorded. 

The experimental herds are totally veld-run. Except for a phosphatic 
supplement (breeding stock receive 5 0z. bone-meal and other stock 
3 oz. daily) they are also totally veld-fed. They are distributed over the 
various camps according to sex, age, and function, e.g. cows with calves 
at foot, dry cows, heifers, and steers are run in separate mobs, and as far 
as necessary heifers and steers are separated into age-groups. Drafting 
yards or ‘kraals’ have been erected at different points so that each serves 
3 or 4 camps. Every day, except Sundays, the various mobs of cattle 
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ixed | are brought to their respective kraals and passed through crushes where 
they are fed their bone-meal per os with a spoon. ‘This daily collection 
and — of the cattle allows of regular inspection, makes the cattle docile, and 
the does not, as might be expected, impair their condition. During the 
ymes service season the various groups of breeding stock are put to their 
rous | respective bulls in these kraals. All calves are dehorned before they are 
tthe — 4 weeks old. All bull calves are castrated before they are 8 weeks old. 
inter } At birth each calf is ear-tagged and when weaned is branded. 
ron- (b) Pasture management. ‘The Station covers 14,500 acres, which 
vility have been fenced off into 20 camps, each of 400 to 1,000 acres, and into 
vility 10 smaller paddocks. Each camp is provided with a water-supply. 
con- Owing to the unreliable rainfall no pre-arranged grazing programme 
their | is possible. ‘The rainy season may start at the end of October and end 
erior } in March, or it may start in January and go on till May. Even during 


a so-called ‘normal’ rainy season from end-November until April, 
and | droughts frequently occur during January and February. Pasture 


tem- management therefore resolves itself into systematic inspection to pre- 
cated || vent overgrazing and the application of a few basic principles. 

truc- During the early part of the growing-season the pasture grasses, and 
attle, especially the annuals, concentrate on haulm and seed-head production, 
cent. } 1e.on rapid propagation. When this is over the annuals dry up and soon 
vhich lose their grazing value. The perennials, however, utilize the rest of the 
pro- | growing-season to produce leaves with which to synthesize food for the 


lants | next season. It is this low, leafy growth that constitutes the bulk and 
> dug | the best of the winter grazing. Camp rotation forms the basis of pasture 
ell as | management during summer. In addition, the principle of resting camps 
to as | during the whole summer, once every three years, is followed as rigidly 
as the unreliable climatic conditions will allow. 

jlakte | | As soon as good frosts have terminated plant-growth, heavy and con- 
verse | tinuous stocking does not affect the pasture adversely. The cattle, how- 
ever, seem to go stale if kept too long in one camp, so that rotation, at 
taken } intervals of about two-weeks, is practised during the winter months; 
h are | the bigger the number of cattle per camp, the more rapid is the rotation. 
\s far | Overstocking is carefully avoided; it has been found that to carry more 
lines. | than one animal per 15 acres, even under conditions of good pasture 
fit in — control, eventually brings about pasture deterioration. By means of 
nsure f daily camp-returns, a check is kept upon the carrying-capacity of each 
from | camp. Veld burning is practised only to get rid of patches of old, hard, 
end- — and rank grass. It is done as late as possible in winter. 

bulls All water on the Station is obtained from bore-holes, every bore-hole 
serving at least two camps. The cattle tend to remain near to the water- 
yhatic fF supply and overgraze that part while neglecting the parts further away. 
‘stock | This habit adversely affects the carrying-capacity, and in order to make 
er the J better use of the so-called ‘out-veld’, movable electric fences are now 
— used to keep the cattle away from the water-supplies during the night. 
as far 


afting B. Methods employed to obtain Macro-morphological Data 
serves 1. Data re conformation. (a) Body-weights.—Calves are weighed as 


cattle f Soon as possible after birth. All experimental cattle are weighed monthly 
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on the last day of the month. Special groups are weighed at shorter 
intervals. 

(6) Body-measurements.—Representative groups of heifer and steer 
calves from each of the four breeds are measured (and weighed) every 
30 days from birth up to the age of 2 years. All the experimental cattle 
are measured annually, from the age of 1 year onwards, during the latter 
half of February and the first half of March. About 800 head are 
measured annually. Special crushes have been built to control the 
animals, and the Deriaz measuring-stick, self-recording calipers, and a 
steel measuring tape are the instruments used. The measurements 
taken are: 


1. Length of body. 7. Length of rump. 

2. Height at withers. 8. Width between hook-bones. 
3. Height at hook-bones. g. Width between thurls. 

4. Depth of chest. 10. Width between pin-bones. 
5. Width of chest. 11. Length of head. 

6. Circumference of chest. 12. Width between eyes. 


(c) Photographic records.—Each experimental animal is photographed 
annually at the time when its body-measurements are taken. 

2. Data re milk-production. 'Vhe milk-production of the Friesian 
and Red Poll herds (milk and dual-purpose types) is recorded, a special 
system of calf-rearing and milking being used. Under veld conditions 
cows soon dry up if the calves are hand-reared. Many cows, too, will 
not let their milk down unless the calf is allowed to suck. The following 
procedure has been practised since the experiments were startea: 

For the first 24 hours after calving, dam and offspring are run together 
in a small paddock. The calf is then taken away and kept with the other 
milk calves in special paddocks. Twice a day for the first g1 days, and 
once a day during the next 119 days, the calf is allowed to suck two teats 
at milking times. One week it is allowed to suck the right half of its 
dam’s udder, the next week the left half. The other half is milked for 
recording purposes. In order to ascertain whether the production of the 
two teats milked represents 50 per cent. of the total production, the 
whole udder is stripped on Wednesdays. On this day milk samples are 
collected for butter-fat and specific-gravity tests. 

During the 13 weeks when the cows are milked twice daily, every calf 
receives at least one gallon of whole milk a day. If at any milking a cow 
gives less than half a gallon from the two teats milked, the difference 1s 
fed to the calf out of a bucket. From the experimental point of view 
this procedure is not satisfactory, because all the calves will not take 
milk from a bucket after having sucked their dams. It will be noticed 
that the duration of the milk-recording period is only 210 days. Under 
open-range conditions lactation-periods are short, and after 30 weeks 
most cows give less than a pint a day. They are then discharged from 
the milk-production test and allowed to run with their calves until wean- 
ing-date. The benefit derived by the calves from this procedure out- 
weighs the adverse effects suffered by their dams. 

The data collected over the last 11 years have not yet been analysed 
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in detail, but it has been found that the weight-curves of the calves are 
influenced to a marked degree by the amounts of milk they receive from 
their dams [2]. 

3. Data re beef-production. All bull calves born, are steered, trans- 
ferred to ‘slaughter-test’ groups, and killed when just over 3 years old, 
i.e. at the end of their third summer. For instance, all the bull calves 
born in the four herds during the 1936 calving season were transferred 
after weaning to the ‘1939 slaughter test’. Whenever there are more 
than eight steers in a breed-group, the surplus animals are transferred 
to the following year’s slaughter test. In this manner it has been possible 
to collect data for steers of different ages up to 7 years. Queen cows, 
shy breeders, and cows which have been discharged from the herds at 
the end of their 6 years as breeding stock, also pass automatically into 
slaughter tests. ‘These tests take place in April. Formerly conducted at 
the Pretoria Municipal Abattoirs, in future they will be carried out in 
the abattoirs of the Meat Research Institute, which has recently been 
completed as part of the Veterinary Research Laboratories at Onderste- 
poort, 7 miles north of Pretoria. 

At Armoedsvlakte, steers belonging to the same slaughter test run 
together and receive identical treatment. Early in the morning of the 
day before they are railed to Pretoria, the animals are brought to the 
homestead kraals, where they are watered and weighed. For the next 
24 hours they remain in the kraals without food, and for the last 12 
hours also without water. They are then weighed again, watered, and 
allowed to graze the 6 odd miles to railhead. Here they are trucked, 
sometimes in padded, sometimes in ordinary, trucks. The rail journey 
of 330 miles to Pretoria takes about 40 hours. On arrival at the abattoirs 
the animals are once more weighed and then put into pens, where they 
receive good-quality hay and water ad lib. They are rested for at least 
24 hours before they are slaughtered. 

Some hours after arrival at the abattoirs each animal is described in 
terms of (a) weight for age, (6) conformation, (c) cover and finish, and 
(d) quality. Marks are allotted for each of these; the animals are 
graded on the hoof, both in terms of export and local quality-standards, 
and after killing, the skins are weighed and their surface-area measured. 
The organs are all weighed and measured. The two halves of the carcass 
are weighed while warm and again after hanging in the precooler for 
18 hours. ‘They are then described and judged for (a) conformation, 
(5) cover and finish, (c) quality, (d) colour and soundness, and again 
graded in terms of both the export and local quality-standards. One 
half is sold and the other is measured. Fourteen measurements are 
taken. The side is then quartered with three ribs on the hind-quarter; 
thereupon the colour of the meat and fat on the cut surface is deter- 
mined by means of standard colour disks. The long and short axes of 
the longissimus dorsi muscle are measured, the depth and width of 
sirloin is taken and points allotted for the development of subcutaneous, 
intermuscular, and intramuscular fat. Samples of fat are collected for 
determining the carotene-content, and tracings are made of the sirloin 
cross-section of every carcass. 
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The two quarters are weighed and de-boned. The bones are weighed 
and the femur, humerus, radius cum ulna, a metacarpus, and the last 
three ribs collected for skeletal measurements, chemical analyses, and 
histological examination. 

With the facilities provided by the Meat Research Institute at Onder- 
stepoort, it is hoped to conduct more detailed comparative studies in the 
future. 

Up to date, comparative slaughter-test data have been collected con- 
cerning half-bred, }-bred and {-bred steers from the four breeds. In 
the half-bred generation the Afrikaner steers at 3} years of age weighed 
on the average 100 lb. less than the Sussex, Red Poll, and Friesian steers, 
which all weighed about 1,200 lb. In the ?- and j-bred generations at 
the same age, the Afrikaner steers have, if anything, increased slightly 
in live-weight. The Sussex steers weigh no more than the Afrikaners and 
the Friesians and the Red Poll steers weigh much less. The Afrikaner 
average has gone up from about 1,100 to 1,150 lb., whilst that of the 
Red Polls has come down from about 1,200 to not more than 950 lb. 

In the half-bred generation the carcass-grades were, in order of merit, 
Sussex, Afrikaner, Red Poll, Friesian. In the ?- and {-bred generations 
this order has been reversed for the Afrikaner and Sussex carcasses; the 
Afrikaner are now the better carcasses by quite a fair margin. 

The results of the slaughter tests indicate that in the Armoedsvlakte 
environment, the indigenous grades have been more than able to main- 
tain their original standard of excellence. The exogenous grades have 
not been able to do so and have undergone conformational and pro- 
ductional deterioration. They have failed to maintain theit initial 
superiority of greater body-weight and earlier maturity. 

4. Data concerning reproduction. As stated before, bulls have been 
carefully selected both for blood-lines and for individual merit. Line- 
breeding has been practised and detailed service lists are drawn up 
before each breeding-season. The parentage of each animal is therefore 
controlled. Accurate records are kept of dates of service, number of 
services, date of birth, length of gestation, &c. 

The half-bred heifers of all four breeds were sufficiently well grown 
at 2-2} years of age to be put to the bull. In the ?- and {-bred genera- 
tions the Afrikaners were still sufficiently developed at this stage, but 
the exogenous grade heifers were not. Breeding had therefore to be 
postponed to the age of 3-3} years. In the exogenous grade herds the 
calving percentages of the half-bred cows were significantly higher than 
those of the half-bred Afrikaner cows. In the #- and {-bred genera- 
tions, the calving percentages of the latter still remain between 60 and 
70 per cent., but those of the former have decreased from about 85 pet 
cent. to the level of the Afrikaner cows. It would appear as if under the 
environmental conditions at Armoedsvlakte the normal reproductive 
efficiency does not amount to more than two calves every three years. 

Recently a start has been made at Armoedsvlakte with special sex- 
physiology researches. In addition to using the four grade herds for this 
purpose, a special sex-physiology herd is being built up. Beginning 10 
March of last year, the first experiment includes all the heifer calves 
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born during the 1938 season. These have been tested with teaser bulls 
twice daily and, in addition, they are tested day and night at 6-hourly 
intervals for a period of 4 weeks during each of the seasons of the year. 
In this way comparative data will be collected concerning the age of 
sexual maturity, the oestrous cycle and the effect upon it of seasonal, 
nutritional, and other environmental influences. 

5. Data concerning the reaction of the cattle to prevailing nutritional 
conditions. ‘The Armoedsvlakte pastures are very deficient in phos- 
phorus, which leads to aphosphorosis in the cattle. As part of the 
symptom complex of this disease the animals exhibit a craving for all 
kinds of debris. ‘The degree of this craving, osteophagia or ‘pica’, is 
measured fortnightly by means of ‘pica tests’. In small groups the cattle 
are given access first to troughs containing sterilized rotten bones. Any 
animals picking up and chewing these are recorded as ‘rotten-bone 
cravers’. ‘The rest are passed into a pen containing troughs with sterilized 
sweet bones. ‘Those animals which pick up and chew these are recorded 
as ‘sweet-bone cravers’. ‘The remainder, which show no interest in the 
bones, are ‘non-cravers’. 

These tests have shown that osteophagia varies according to the 
season of the year, i.e. according to the condition of the pasture. This 
was to be expected. In addition, however, it was found that phosphorus 
supplements alone failed to eliminate pica entirely, especially in growing 
animals during the dry season. ‘This result was not expected. Experi- 
ments were therefore conducted to study pica in more detail. It was 
found that if in addition to the necessary phosphorus, sufficient protein 
was fed to the cattle, pica disappeared completely. This result, together 
with those of experiments carried out elsewhere in the Union, suggests 
that pica may be a symptom of any nutritional deficiency. 

At Armoedsvlakte the phosphorus and protein-deficiencies are being 
investigated further. Instead of administering phosphates to the cattle 
per os, or supplying it to them in the form of licks, experiments have 
been in progress for about ten years to try to perfect a method by which 
phosphates can be given to the cattle through their drinking-water. The 
results recently obtained in this way with superphosphates, after pre- 
cipitation of the harmful fluorides, have been very promising. Protein- 
supplement tests are in progress, but it is not yet possible to draw 
any conclusions. The probability that during the winter months the 
Armoedsvlakte cattle also suffer from a general quantitative deficiency, 
has already been discussed earlier in this paper, as also the methods by 
which it is hoped to ascertain the quantitative intake of the cattle grazing 
under open-range conditions and the digestibility of the pasture con- 
sumed. 


C. Methods of Micro-morphological Investigation 


The methods described have been employed to measure the con- 
formation, production, and reproduction of comparable breed-, grade-, 
and sex-groups of experimental cattle, and to describe the changes which 
have occurred in the successive generations of these animals. The data 
do not, however, enable us to explain how these changes were brought 
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about. ‘l’o do this, it is necessary to measure the intensities of the various 
physiological activities of the experimental cattle. ‘The blood circulation 
was the first system to be investigated in this way, since it was argued 
that all the nutritive elements required for growth, production, and 
reproduction are brought to the organs and tissues concerned by the 
blood-stream. 

1. Chemical blood analyses. Originally, when it was thought that the 
prevailing phosphorus-deficiency constituted the primary environmental 
handicap to animal function, blood analyses for inorganic phosphorus 
formed the major part of this work. It was found that the P,O,-content 
of the blood varied directly with that of the pasture and with the season 
of the year. It was possible to establish ranges of P,O,;-normality for 
different age- and functional groups. When further environmental 
deficiencies were discovered, chemical blood analyses became more 
comprehensive. ‘To-day blood samples from comparable groups of 
experimental cattle are analysed at regular intervals for phosphorus, 
calcium, sodium, magnesium, potash, iron, total proteins, non-protein 
nitrogen, total lipoids, lipoid phosphorus, total cholesterol, and glucose. 
‘These analyses are done on blood samples taken at the same time as are 
the samples on which the following biological tests are conducted. 

2. Biological blood analyses. 

(a) Blood and serum volume is determined at two-monthly intervals by 

the dye method. Vital red is used. 

(b) Red-cell counts and the rest of the tests are done every fortnight. 
For the red counts, Hayem’s solution and Biirker-'Turk counting- 
chambers are used. 

(c) Red precipitate or percentage volume of red cells. For this test 
24 per cent. lithium-citrated blood (10 per cent.) is centrifuged 
for 75 minutes at 3,000 revolutions per minute. 

(d) Haemoglobin is determined by means of Newcomer’s colorimetric 
method. 

(e) White-cell counts. The Biirker-Turk counting-chamber is used 
with a 3 per cent. acetic acid solution to which a little Methyl Green 
has been added. A 10 per cent. blood dilution is used. 

(f) Differential smears. Only very thin and even smears are retained 
and stained. Two hundred cells are counted and the results 
expressed in percentages. 

Comprehensive chemical and biological analyses of the blood have 
now been conducted for more than two years. As yet it is not possible 
to draw conclusions. Nevertheless, the data so far collected show that 
the Afrikaner, i.e. the indigenous, cattle have higher red counts and 
show higher values for haemoglobin and red precipitate than do the 
Friesian and Red Poll cattle. The same tendency is noticed with regard 
to some of the chemical constituents of the blood. 

3. Skin and hair studies. ‘The marked seasonal and diurnal variations 
in temperature and relative humidity at Armoedsvlakte have already been 
mentioned. ‘To withstand these relatively sudden changes, the cattle 
must possess an efficient mechanism for heat-elimination and _heat- 
preservation. Because the skin and hairy coat constitute the most impor- 
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rious | tant parts of this mechanism, material has been collected for a compara- 
lation § tive histological study of these organs. As a routine procedure in all 
‘gued | slaughter tests and at all post-mortems, the hides are measured to deter- 
and — mine their surface-area, and skin and _ hair samples are taken from 
v the | different parts of the body for histological examination, i.e. for the 
. determination of the number of sweat glands and hairs per unit surface- 
it the | area of skin. ‘The hair is measured in terms of its length, diameter, and 
1ental J its position in relation to the skin. In addition to these investigations 
horus § a large and representative number of hides have been tanned (by the 
ntent f Hides and Skins Research Department of Rhodes University College, 
eason | Grahamstown) and tested for leather qualities. 

ty for In South Africa, with its heavy tick infestation, it is common know- 
rental | ledge that some cattle are more subject to ticks than others. It would 
more | appear as if the density of the hide is concerned in this difference more 
ps of J than its thickness. It has not been found possible to devise a method to 
1orus, | measure the density of raw hides, but it is possible to measure the 
rotein | structural density of leather. 


— Conclusion.—In this paper a brief description has been given of the 
i at | experimental methods employed at Armoedsvlakte to study the relation- 
ws ship between environment and animal function. It is realized how 
ete inadequate the Armoedsvlakte experiments are for this purpose, but it 
a's °Y | is hoped that this paper may stimulate workers to provide one another 
night. with information regarding their individual researches and experimental 
mr A methods, and that this will lead to better technique and more valuable 
: results. It is only by adopting similar research techniques that experi- 
aa mental results become comparable, and it is only through the study of 
fuged comparable data, collected in many different environments, that bionomic 
facts can be established and bionomic laws formulated. 

metric Summary 
At the Veterinary Research Station ‘Armoedsvlakte’, investigations 
used have been in progress since 1925, to measure the effects of the collective 
Green | environmental forces upon the growth, development, production, and 


. reproduction of successive grades of indigenous and exogenous types 
tained F and breeds of cattle. The results up to date show that the indigenous 
results } grades have maintained themselves phenotypically for three generations, 
but that comparable groups of exogenous grades have failed to do so. 


| have The experimental methods employ ed in these bionomic researches are 
ossible F described and discussed. A plea is made for closer co-operation between 
w that F workers in this field of research. 
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THE VIABILITY OF COTTON SEED AS AFFECTED BY ITS 
MOISTURE-CONTENT 


B. G. CHRISTIDIS 


(The Cotton Research Institute, Thessaloniki, Greece) 


Introduction.—It is well known that frequent rain in autumn during 
picking-time results in reduced viability of cotton seed. According to 
Simpson and Stone [1], in adverse circumstances this deterioration 
may take place in the field before picking; but it may occur later when 
the seed is in storage, if its moisture-content is very high [2]. 

If seed-cotton is ginned when wet the lint is damaged and more 
lint is left on the seed [3]. To avoid this evil, ginners are increasingly 
resorting to the practice of artificially drying the seed-cotton before 
ginning [4]. Special types of driers are recommended by the Bureau 
of Agricultural Engineering of the U.S.A. [5], and it has been shown 
[6] that on heating 1n a current of air at 150° F.. for about 15 sec., length 
of lint, strength of fibre, and rate of seed-germination remain un- 
impaired. The process of drying consists in heating the wet cotton in 
a current of air (40 to 100 cu. ft. of air are required for each pound of 
seed-cotton) at about 150° F. for a short time (usually from 15 sec. to 
3 min.). Drying is chiefly confined to the fibres, which may lose from 
14 to 4 lb. of water per 100 lb. of lint, varying with the moisture-con- 
tent [6]. The corresponding elimination of water in seed-cotton 
amounts to from 1 to 3 lb., and in cotton-seed from 0-7 to 2:4 |b.; 
consequently, after drying and ginning, the seed may still contain much 
moisture. 

In Greece the use of driers before ginning has not yet been practised, 
although heavy autumn rains are not infrequent (a day of bright sun- 
shine or a few windy hours usually suffice to dry the lint and make it 
suitable for ginning). After ginning, however, the seed very often 
contains an excess of moisture, which makes it deteriorate rapidly. 
Such seed is very difficult to store: it soon becomes unsuitable not only 
for planting but even for use as a raw material in the oil industry. 

It was, accordingly, thought advisable to study the relation between 
moisture-content and deterioration of cotton seed. A series of expem- 
ments was carried out at the Cotton Research Institute in 1936-8 t0 
determine: (1) the effect of varying moisture-content on seed-viability; 
(2) the time-interval between intake of moisture and loss of viability 
at various moisture-contents; and (3) the possibility of removing the 
excess of moisture without injuring the germination value of the seed. 

Preliminary trials—A few preliminary trials were necessary to deter- 
mine what moisture-contents should be investigated and to wha 
drying-temperature the seed could be heated without affecting 1t 
germinability. The influence of added water on the germinability 0 
cotton seeds is shown in Table 1. 

There was no point in considering seeds with more than 1o per cemt 
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of added water (giving about 20 per cent. of total moisture), since such 
seeds would deteriorate in a few days. 


TABLE 1. Percentage Germination of Cotton Seeds mixed with Various 
Amounts of Water 


. Percentage germination one ; 
Water added week after treatment Duration of 


per cent. of drying at 
weight of seed | Before drying After drying 60° CG. 


° go go ° 
10 83 78 2} 
20 67 61 33 
30 65 68 64 
40 4 4 8} 
50 ° ° 93 





The temperature of drying must be well below the limit at which 
cotton seed loses its germinative power; but it must not be too low, 
otherwise the drying process some take far too long. From work carried 
out in Egypt [7, 8, 9] it is known that cotton seed can resist compara- 
tively high temperatures, even 100°C., for a few minutes, without 
loss of viability; but it is safer to use lower temperatures, and therefore 
only 50°, 60° and 70° C. were at first tried. The results obtained, 
given in ‘Table 2, show that cotton seed may be heated, without loss of 
viability, to 70° C. for about 3 hours, and to 50° or 60° for much longer 
periods. 


TABLE 2. Effect of Temperature and Moisture-content on the Viability 
of Cotton Seed 


Percentage germination after different periods 


Percentage of added water of heating (hours) 

(a) Bath-temperature 50° C. Ohr. | 8hrs.| ro hrs. | 12 hrs. | 13 hrs. | 15 hrs. 
o . . . . - 96 97 97 94 95 96 
oe : ‘ , ; os 96 92 he ae a 
m . : : ' : ci go 100 és 

alts : . : ‘ xe 96 98 94 ae 
-— ‘ : ‘ : ve 80 92 96 98 
(b) Bath-temperature 60° C. oO hr. 7 hrs. 
o . ‘ ‘ ‘ : 97 96 
——_— ‘ ; . ’ 92 
15 95 
25 gI 
35 96 

(c) Bath-temperature 70° C. Ohr. | rhr. | 2 hrs. | hrs. | 4hrs. | 5 hrs. | 6 hrs. 
- 94 95 go 89 96 82 80 
5 “ie 93 wi oe ar oe a 
15 96 g2 80 te 

25 92 go 84 75 


go 88 68 48 
The results given in Table 3 indicate that the time taken by wet seed 
to lose its extra water is less than the time required for the seed to 
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deteriorate at the temperature applied. Consequently, these preliminary 
data indicated that the elimination of excess moisture followed by 
storage of seed for planting is a practical proposition. 


TABLE 3. Time required to Eliminate Added Water from Cotton Seed 


Temperature of bath F 


(Added water per cent.) 50°C. 60°C. 70° C. 
Hours 
5. 2} 1} 1-1} 
15 . 4 34 24-3 
25 - 6 5 34-4 
35 - 8 54 4 


It may be added that seed heated for 7 hours at 60° C., and tested 
5 months after the treatment, retained its original germination value 


(Table 4). 
TaBLe 4. Germination Value of Cotton Seed Five Months after Drying 
. Percentage germination 


Immediately after | 


(Added water per cent.) drying 5 months later 
5 92 92 

15 95 gI 

25 gI gI 

35 96 gl 


EXPERIMENTS IN 1937 


From a large quantity of seed, uniform samples, each of 5 kg., were 
taken and various amounts of water were added. Six lots of seed were 
thus obtained; their composition is shown in Table 5. 


TaBLe 5. Composition of Six Lots of Seed with Different Moisture- 


contents 


Composition (per cent.) oe er ee 


Seed-lots Seed Water content (per cent.) 
No. 1 100 ° I1‘2 
» 2 97 3 13°9 
» 3 94 6 16°5 
se gI 9 19‘2 
as 88 12 21°9 
» 6 85 15 24°5 


To make sure that no abnormally quick changes in moisture-conten! 
would take place owing to the small quantities of seed used for each lot, 
the 5 kg. samples were put in small sacks, each of which was surrounded 
by a larger sack, so that a 10 cm. layer of seed of the same moisture- 
content always surrounded the small sack. From the beginning of the 
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nary | experiment (Feb. g) until the end (May 15), and at fixed intervals, 
| by | representative samples of seed were taken from each small sack and the 

ihonite determinations made: (a) total moisture; (b) percentage 
germination of the seed before drying; (c) rate of germination after 
eed the seed had been dried to a moisture-content equal to that of the 
control sample. Eight samplings were made on eight different dates 
and the results obtained are reported below. 

(a) Motsture.—Six samples of 10 gm. each were taken from each lot 
of seed and for every sampling date. The samples remained in the 
drying-oven at 105° C., usually for not more than 6 hours, until they 
reached constant weight. The data obtained (means based on 6 pre 
vations) are shown in ‘Table 6. 


TABLE 6. Total Motsture-content (per cent. of weight of seed) of Lots of 


st — . ¥ ° 
ested Seed from Successive Samplings 
value . 
Dates of sampling 
7 2 Feb. 1937 
ing (start of 
Seed-lots test) 9 Feb.| 16 Feb.| 23 Feb.\9 Mar.| 23 Mar.| 4 Apr. 27 Apr.| 19 May | Mean 
I 11°2 11°2 12°4 12°7 12°5 12'0 11°97 110 98 11°6 
2 13°9 14°4 14°4 14°3 14°5 14°3 14°2 13°6 12°6 14°0 
3 16°5 17°3 16°3 16°2 16°6 16°5 16°1 15°3 13°6 16'0 
4 19°2 18°4 17°8 18°3 18°4 18°3 17°9 16°5 | 15°5 17°8 
5 21°9 18°4 18°5 18°7 189 17°5 16°9 isso | «16°% 17°9 
6 24°5 19°2 18°3 19°0 18°7 18°3 73 15°9 14°2 18'4 
Mean ; 17°9 16°5 16°3 16°5 16°6 16°1 15°7 oe | x13°3 
Mean tem- 
perature for 
3 days be- 
fore samp- 
ling °C... 8-8 81 2°8 9°6 10°! 13°8 14°6 15°4 21°7 
S.E. (o/Vn): For means of moisture-contents: -|0°04; for means of sampling-dates: -+-0°07; for 
means of interactions: o'll. 
, were 
| were It is seen that the moisture-contents of lots 5 and 6 on Feb. g differed 
much more from those on Feb. 2, than did those of any other seed lot. 
- The rate of loss of water from these very wet lots was naturally great 
isture- 


at first; after Feb. g the moisture-contents of these and of all the other 
lots remained practically unaltered during the first 5 dates of sampling. 
Later on, however, they decreased, obviously on account of the rise in 
room- -temper rature. 

(b) Germination before drying.—On each sampling day, 6 samples of 
50 seeds each were taken from ev ery lot of seed. Their percentage ger- 
mination was determined in an electric Copenhagen water-bath with 
automatic temperature control. The means obtained for each lot and 
the s: ampling-date are given in Table 7. 

The germinability of the seed falls uniformly with increasing moisture- 
content, and with the time during w hich the moisture affected the seed. 
ontent f Thus seed-lot No. 6, containing 19-2 per cent. of total water on the first 
ich lot, § sampling-date, had deteriorated substantially by the end of the first 
yunded weet. The viability of lot No. 5 declined markedly after two weeks and 
yisture- F Temained low thereafter. In 15 Teuilien: i.e. on May 19, the last sampling- 
of the date, after all other lots of eel had gradually declined, even the control 
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lot (No. 1) gave signs of slight deterioration. Consequently about 20 per 
cent. of water causes immediate deterioration of the seed, and smaller 
amounts, down to 12 per cent., cause deterioration after several weeks. 

(c) Drying.—On each sampling-date 100 gm. of seed were taken at 
random from each of the 6 lots and dried at 60°C. in an ordinary 
water-bath. The additional water contained in each lot of seed was 


TABLE 7. Mean Percentage Germination of Cotton Seeds with Varying 


Motsture-contents on Different Sampling-dates, before or after Drying | 
Before 
Original | (a) and 
, moisture- | after Percentage germination on sampling-dates 
Seed content (b) 
lots | (per cent.)| drying 9 Feb. 16 Feb.| 23 Feb.| 9 Mar.| 23 Mar. 6 Apr.| 27 Apr., 19 May | Means 
I 11°2 a 83°3 88°3 90°3 | 87°7 83°7 85°3 | 83°3 79°3 85°8 | 
b 83°3 87:7 | 917 86°3 85°3 83°3 | 84°7 80°7 85°4 
Mean | 83°3 55° gro 87°0 87°0 84-3 | 840 80:0 85-6 
2 14°4 a 89°7 870 | 90°3 83°0 87°3 80°0 69°3 65°7 818 
b 86:0 85°7 | 863 8$3°0 81°7 2e-4 69°7 63°0 79'1 
‘ 
Mean 57°9 86-4 | SS*3 83:0 84-5 77°6 60°5 64°4 80-4 ; 
3 17°3 a 890 | 8273 | 847 | 81-7 7273 683 | 43°7 34°3 | 69°5 ‘ 
b 73°7 83°0 84°7 77°0 69'0 60°3 43°3 35°7 67°5 
Mean 839 82°7 | 84:7 79°4 70°7 64°3 46°0 30°5 68°5 ' 
4 18°4 a 86°3 84°7 | 77°7 730 49°3 46°0 22°0 77 571 4 
b 80°3 80°3 | 78:0 700 541 20 21°7 170 
Mean | 83:3 | 82:5 | 7°9 | 715 51°7 #40 | 21°9 176 56°3 
5 | 184 a 81-0 | 75°7 | 69°7 57°3 3 44°09 | 23°3 14°7 54 
b 7357 | FO. | CFI 51°7 51°0 417 19°7 20°0 =| 50°3 
Mean | 77°4 | 76-4 68°5 54°0 4$7°7 42°9 | 205 17°4 50°5 t 
6 19°2 a 50°7 40°3 46°7 41°7 29°7 22°3 130 12°7 32°! I 
b 45°7 | 40°3 43°7 34°7 23°0 ES3 | 1£3°3 14°0 | 29'4 ' 
Mean | 48:2 4$0°3 17°7 | 382 | 26-4 18-8 | 13-2 13"4 30°8 ‘ 
1 + 
Means a 800 76°4 766 | 7irt | 61°9 579 | 42°4 37°4 63°0 
| b 74°6 oF? | 76°1 67°4 60°7 53°09 | 42°9 38°9 612 
| | : ) 
77°3| 76-0 | 76-3 | 693 | 6r3 | 55:5 | 42-7 gB-r | 62 f 
S.E.: Moisture: +-0°72; sampling-dates: |-0°70; a or b: +.0°37. nile 
Interactions: Moisture-contents * sampling-date: 1°98; moisture-contents * a or 6: not signil- P 
cant; sampling-date X a or b: +- 1°03; moisture-contents X sampling-date X a or b: -}- 2°53. a 
N 


calculated from the total moisture-contents of lots 2-6 and that of the 
control (No. 1). Each sample was kept in the water-bath until this J o 
additional quantity of water was removed (4—1} hours). d 

(d) Germination after drying.—After drying, 6 samples of 50 seeds F i 
each were again taken from each lot, and the percentage germination 
determined in the same way as that of the seed before drying. The Fs 
results, given in ‘Table 7, show that dried seed has a slightly lower f 6 
percentage germination; the decrease, however, although statistically Fy 
significant, is quite negligible for practical purposes. Viability does not fo 
appreciably deteriorate between the first sampling-date (Feb. g) and F ( 
the third (Feb. 23); then it declines progressively until it reaches ff 
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so per cent. at the end of the experiment (May 19). Most of the inter- 
actions between the three factors under investigation (moisture, 
sampling-date, and drying) are significant. ‘They indicate that certain 
moisture-contents cause deterioration sooner than others; that seeds 
before or after drying show a uniform difference in rate of germination 
for the various moisture-contents; that the difference in germinability 
of seed before and after drying varies with the sampling-date; and that 
seeds of different moisture-content before or after drying show a differ- 
ent germination value on the various sampling-dates. 

The foregoing results seem to suggest that the viability of cotton seed 
depends very much on its moisture-content. Excessive moisture may be 
eliminated by controlled heating without loss of germination value, so 
that the seed can safely be stored for a long time until it is wanted for 
planting or other purpose. 


EXPERIMENTS IN 1937-8 


The experiments were repeated in 1938, but the technique was in 
some respects improved. Exceptional care was taken to avoid any 
abnormal variation of the moisture-content of the seed in the small 
sacks. ‘The temperature in the mass of seed, as well as that in the store- 
house, was recorded throughout the experiment. Also, the moist seed 
was dried in a current of hot air. Otherwise working conditions were 
about the same as those adopted in 1937. 


Effect of Heat on the Viability of Cotton Seed 

The experiments made in 1937 (pp. 150-3) were repeated with slight 
alterations: seed with three different moisture-contents and tempera- 
tures of 60°, 70°, and 80° or go® C. were used, these being obtained by 
means of the same apparatus as was subsequently employed for drying 
the seed. There were 6 replications for percentage moisture and 4 for 
germination value. ‘The data and results are recorded in Table 8. 
They indicate that seed may remain viable after heating for several 
hours at 60° or 70° C. At 80° or go° C., however, the seed dies after a 
few minutes, death being hastened by rising moisture-content. 

Seven lots of seed of 5 kg. each were dealt with in approximately the 
same way as described previously. Water was added on Oct. 5, 1937 and 
moisture determinations were made at fixed intervals, as shown below. 

(a) Moisture.—The total moisture-content at 105° C. was determined 
on 5 samples of seed of 10 gm. each for every seed-lot and every sampling- 
date. The results, given in Table 9, agree very closely with those reached 
In 1937. 

(b) Temperature.—For measuring temperature in the small sacks of 
seed, four soil thermometers were used, one for each of lots Nos. 3, 5, 
6,and 7. ‘The room-temperature was recorded separately. Observations 
were made three times daily (at 8, 14, and 20 o’clock) from the beginning 
of the test until Nov. 20. Then records were taken only once a day 
(at 14 o’clock) until the end of the experiment (April 3, 1938). It was 
lound that the greater the moisture-content of the seed, the higher was 


XUM 








154 B. G. CHRISTIDIS 


TaBLe 8. Effects of Temperature and Moisture-content on the Viability 
of Cotton Seed (1937-8 experiments) 


Seed moistened, 18 Nov. 1937; Seed tested, 20 Nov. 1937. 
&t 6Go° C. 


Percentage germination after different periods of heating 


Moisture 
(per cent.) O hr. 7 hrs. 8 hrs. 9 hrs. 10 hrs. | 11 hrs. | Mean 
Control 9°3 92°5 95°5 95°5 go go'o 92°5 92'8 
3 ae gio 95°0 93°5 92°0 89°'0 89°5 gI'7 
16°1 92°5 93°5 95°0 g2°0 850 82°5 go'l 
Mean . , 920 94°7 94°7 QI'7 88-0 | 88-2 
S.E.: for duration of heating: -} 1-09. 


The differences for moisture-contents, and the interactions moisture-contents » 
duration of heating, are not statistically significant 


Seed moistened 1 Feb. 1938; Seed tested 3 Feb. 1938. 


Moisture 
(per cent.) O hr. 3 hrs. 4 hrs. 4h hrs. 5 hrs. 54 hrs. Mean 
Control 11-0. 97°5 94°5 go"o go's 93°5 94°5 93°4 
13°38. 94°5 gI°o goo gI‘o goo 8$7°5 9o"7 
sO . 96:0 92°5 95'0 87:0 88-0 89°00 913 
Mean . ; 96°0 92°7 g1°7 89°5 go's 90°3 


None of the above differences is statistically significant 


Seed moistened 15 Jan. 1938; Seed tested 18 Jan. 1938. 
At 80° C. 


Moisture 
(per cent.) Oohr. |10 hrs. 15 hrs. | 20 hrs. | 25 hrs. | 30 hrs. | 35 hrs. | Mean 
Control rrr. 93°0 gro gio 85°5 59°0 §2°5 44°0 73°7 
I47t . | gos 82°5 730 50°0 770 4°5 75 45°0 
7s $3°3 61-0 49°0 9°5 5 ‘oO xe) 29'9 
Mean . , gio 78:2 71'0 48°3 22°2 19'0 72 
S.E.: for duration of heating: -++ 3:07; for moisture-contents: -++- 1°60; for inter- 
actions moisture-contents * duration of heating: -} 4°23. 
Seed moistened 22 Jan. 1938; Seed tested 24 Jan. 1938. 
At 90° C. 
Moisture 
(per cent.) Oo hr. 2hrs. 4hrs. | Ohrs. | 8 hrs. | to hrs. 12 hrs. | Mean 
Control 11-0 . 950 93°5 89°5 87°5 69°5 13°5 5°5 64°9 
134 - BBS 87°5 Sr:o 67°5 37°5 5:5 5 53°0 
156. 95 | OI'5 90'S 79°5 41°5 3°5 ‘0 56°9 
Mean. , g1°7 go's 87°0 78:2 49°5 8:5 2°0 
S.E.: for duration of heating: 1-91; for moisture-contents: 1°50; for inter- 
actions moisture-contents < duration of heating: ++ 3°99. 
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lity TaBLE 9. Total Moisture-content (per cent. of weight of seed) of Lots of 
Seed from Successive Samplings (1937-8 Experiments) 


Dates of sampling 


6 Oct. 1937 


Seed- \(18 hrs. after 1937 1938 
lots moistening) 15 Oct. 25 Oct.| 4 Nov. | 24 Nov. | 14 Dec.| 13 Jan.| 22 Feb. | 3 Apr. Mean 
pan I 90 8-9 gl g°2 9°8 10°0 10°5 10°6 10°7 9°75 
. 2 11's 11°6 112 rie! 11°6 11°6 11°6 11°7 11°6 11°50 
8 3 13°6 13°6 13°3 I3z'1 13°! 12°9 12°83 12°8 12°6 13705 
4 4 ‘ e°7 15°5 15°4 14°8 14°6 14°5 14'1 14°3 13°3 14°70 
5 17°5 5 a 17°! 16°2 15°6 15°7 14°8 14°4 14'0 15°83 
I 6 19°4 isl 17°6 16°4 15°7 15°7 15°0 5°0 14°3 16°36 
” 21°6 18°6 17°9 16°2 15°8 15°7 15°2 150 14°7 16°74 
Mean 15°47 14°77 14°52 13°37 | 13°75 13°74 13°43 13°40 13°03 
: S.E.: For means of moisture-contents: 0°02; for means of sampling-dates: 0'02; for inter- 
ts actions moisture-contents x sampling dates: -} 0°06. 


the temperature recorded, the peak occurring in about 4 days after 
moistening. ‘The differences in temperature between the various lots 
of seed were considerable until Nov. 17, and they continued until the 
end of the month. From that date onwards, however, the room- 
_ temperature was practically the same as that in the small sacks. 

(c) Germination before drying.—On each sampling-date the percentage 


wh germination was determined on each lot of seed, 6 — of 50 seeds 
) / 
1°3 each being used. The means obtained are given in Table 10. The data 


show a close agreement with the results previously obtained. ‘Thus seed 
with go and 11°5 per cent. of total moisture can safely be stored for at 
least 6 months. ‘The decrease in germinability of the lot with 13-6 per 
cent. moisture is virtually nil, but that of the 15-7 per cent. lot is quite 
appreciable after one month. Seed with a higher moisture-content 
(19:4 and 21-6 per cent.) deteriorates in the course of 10 days. 

(d) Drying.—As already stated, in 1938 an appropriate apparatus for 


Mean drying the seed was devised. It worked satisfactorily. ‘The temperature in 
937 the chamber cont: ning the seed was kept constant at 60°, and the seed was 
45°0 considered dry when it had attained the moisture-content of the control. 
29°9 Obviously, the various seed-lots required different lengths of time to 


give up their extra moisture. At the beginning of the experiment the 
time varied between } hr. and 1} hrs. Later on, however, only a few 


inter- minutes were needed to remove the additional water. It is presumed 
that the duration of drying would be considerably reduced if the seed 
could be agitated in the drying-chamber. 

(e) Germination after drying.—The data given in ‘Table 10 show that 

the drying does not materially affect the germinative power of the seed. 

Mean 1: ’ . 

Field Experiments 

64°9 _ # > ° » 

pd On Jan. 24, 1938, four uniform lots of seed of the Ingold cotton 

56°9 Variety were mixed with various quantities of water. Five days later the 


moisture-content and the percentage germination of each lot were 
determined. ‘The seed was then dried and its percentage germination 
r intet- § again found. ‘he results, which agree with those previously obtained, 
are shown in ‘Table 11. 
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TABLE 10. Mean Percentage Germination of Cotton Seeds with Varying 
Moisture-contents on Different Sampling-dates, before and after Drying 
(1938 Experiment) 


Before 
Original (a) and 
moisture-| after 

Seed-| content (b) 1937 1935 
lots (percent.), drying | 15 Oct.| 25 Oct. 11 Nov. | 24 Nov.| 14 Dec. | 1 Jan.| 22 Feb.| 3 Apr. Mean 


Percentage germination on sampling-dates 


I go a go"o 90°3 91°7 89°7 93°3 89°3 | 93°7 | 88°7 | go8 
b 903 go"7 gI'"3 goo 93°0 8g°0 93°0 89°3 | 90°8 
Mean go'2 go's Ors 89°8 93°2 Sg-2 83°3 89:0 go's 
2 11°5 a 86°7. 9370 920 93°7 917 | 89°70 | 84:3 | 87:0 | 897 
b go"7 94°0 gI'3 87°7 S8'0 88-3 go"o 87°0 | 89°6 
Mean 88°7 93°5 QI'7 go7 8g°8 88°7 87°2 87-0 89°6 
3 136 | a 87-0 89°7 g2'0 $4°0 88°3 83°0 840 85:0 | 866 
b 87°3 88°3 g2°0 87°0 88-3 86°3 86°7 86°7 | 87°8 
Mean 57°2 8g:0 92-0 85°5 88-3 84°7 85°3 85°8 87-2 
4 15°7 a 92°7 87°7 87°3 78°7 82°0 81-0 T7? | Fre | ts 
b 85°3 | 85:0 85°3 78°7 Boro | 77°7 | _77°° | 69°3 | 798 
Mean 59°0 56°3 56°3 753°7 SI°O 79°3 q7°3 70°2 | oro 
5 17°5 a 86°0 83°3 80°3 63°0 93°79 69°3 68°3 64°0 | 73°4 
b 85°7 79°0 78°0 65°7 61-0 60°7 65°7 60°3 | 69°5 
Mean 85°8 S12 79°2 64°3 66°8 65°0 67°0 62:2 7I°4 
6 19°4 a 65°0 55°0 53°0 qa°3 20°0 22°3 29°0 21°0 | 36°0 
b 59°7 43°3 40°0 y 22°0 26°3 25°7 15°3 | 32°2 
Mean 62°3 49°2 46°5 23°65 210 24°3 27°3 T5*2 | 341 
7 21°6 a 46°0 30°0 26°7 14°7 19°0 14°7 20°0 20°0 | 23'9 
b 470 | 323 24°7 22°0 20°77 | 21°3| 19°3 | 1570 | 25°3 
Mean 405 gr2 25°7 18+3 19°8 17°8 19°7 17°5 | 24°6 
Means a 79°0 5°6 74°7 63°7 66°7 64°1 65°3 62°4 | 689 
b 78-0 %4°3 71°% 65°2 64°7 64°2 65°3 60°4 | 67°9 
Mean | 78°5 74°4 73°39 64°5 65°7 64° | 65°3 | Org | O04 
S.E.: Moisture: --0°50; sampling-date: -|-0°68; a or b: 4-0°28. 
Interactions: Moisture-contents x sampling date: 1°42; Moisture-contents Xa or b: 0°74; 
Sampling-date x a or b: non-significant; Moisture x sampling-date x a or b: 2°10, 


TaBLe 11. Effect of Drying Cotton Seeds of varying Motsture-contents 


Percentage germination 


Moisture- 
Seed-lots content Before drying | After drying at 60° C.| Mean 
1 (control) ‘ : re are) 93°0 95°7 943 
2 ys é ; 13°8 88-0 88-3 88:2 
3 ” . . 15°5 84°3 90°7 87°5 
4 » . ; 16°7 84°7 87°3 86°0 
Mean : ; : 87°5 go's 


S.E (a/Vn): Moisture-content (means 11°0, 13°8, 15°5, and 16°7): +-0°14. 

Rate of germination: Moisture-contents (means 94°3, 88-2, &c.): +1°24; Before 
or after drying (means 87:5 and go-s5): -+-1'00; Interaction moisture * before oF 
after drying: not significant. 
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The dried seed was stored for nearly 34 months and was then used 
for carrying out an ordinary field test based on the randomized-block 
arrangement. ‘The four lots of seed were repeated five times (20 plots 
in all), and the size of the individual plot was 42 sq. m. (1 row x I m. x 
42 m.). ‘The seed was drilled on May 6 and it germinated extremely 
well. ‘There was no difference in germinability, yield, percentage of lint, 
or earliness in maturity between the four lots of seed. ‘The means 
obtained for each lot are shown in Table 12. 


TABLE 12. Data of a Field Trial with Dried Seed 


Moisture-content | No. of plants'| Yield of seed-cotton Lint Mean date 
(per cent.) per lot kg. per 1-000 sq. m. | (per cent.) of maturity 

11'O 1019 2780 36-2 Sept. 24°5 
13°8 1062 291°2 35°9 » 23° 
15°5 1076 284°4 36-1 a 23 
16°7 1043 288-9 35°4 » 235 
oe. . : t 30 ES-2 +or4 +oOr2 


The slight differences observed between the four lots of seed are 
very far from the level of statistical significance. ‘Therefore wet seed, 
before completely losing its viability, may be dried and stored — 
until the planting season, when it will give as good a crop as the control. 


Summary and Conclusions 


1. Cotton seed containing an abnormally high percentage of moisture 
deteriorates sooner or later according to its moisture-content. 

2. Such deterioration, which is quite common in countries with 
rainy weather at picking time, may be checked efficiently by removing 
the excess of moisture. 

3. Cotton seed can withstand, without loss of vitality, the effects of 
drying at 60° C. for at least 11 hours, at 70° C. for 5} hours, 80° C. for 
10 to 20 minutes, and go° C. for only 2 to 4 minutes. Therefore, about 
70-75° C. seems the most appropriate drying-temperature. 

4. The time required to eliminate the excess moisture will depend 
on the temperature and speed of the current of hot air employed as 
well as on the amount of moisture to be removed. A few minutes up to 
half an hour or more will usually be required. In exceptional cases the 
drying process may be repeated. 

5. It seems advisable that in localities where rain falls at picking- 
time, all ginning factories should be provided with an appropriate 
drier to dry the wet seed after ginning. 
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CO-ORDINATED EXPERIMENTS IN PIG HUSBANDRY 


R. W. SHORROCK 
(School of Agriculture, Cambridge) 


IN the production of bacon pigs questions of growth-rate, carcass- 
quality, and general management provide a wide range of problems 
requiring investigation. The pig is perhaps a more s satisfactory experi- 
mental subject than most other farm animals in that relatively uniform 
individuals are obtainable, but, as in other branches of animal experi- 
mentation, the scale of pig-husbandry investigations is usually limited 
by the question of expense. In addition to the cost of the live stock, 
feeding-stuffs, housing and labour, there is also the difficulty of obtaining 
large numbers of suitable animals at a given time, with the result that 
itis beyond the reach of most research institutes to carry out trials 
involving more than a few at a time. Yet animals show great individual 
variation, and recommendations of practical value can result only from 
trials with large numbers and in several localities. 

Co-operation between experimental centres provides a way in which 
many of these difficulties can be met, and in pig-husbandry investigations 
this is now being brought about through the activity of the Ministry of 
Agriculture’s Pig Experiments Co-ordinating Committee. This Com- 
mittee was formed in 1936, as the outcome of a conference called by the 
Ministry of Agriculture to discuss the part which co-operative investiga- 
tion could play in the solution of many of the pig industry’s problems. 
In it are included representatives of the Ministry of Agriculture and 
Fisheries, the Department of Agriculture for Scotland, the Ministry of 
Agriculture for Northern Ireland, the Agricultural Research Council, 
and, in addition, the Food Investigation Board, the Bacon Development 
Board, and pig-experiment centres in Great Britain. 

In drawing up proposals for a suitable experimental programme for 
co-operative investigation it was considered desirable to confine work 
at first to the problems of bacon-pig production, although the necessity 
for extension to pork pigs was recognized. It was hoped that this would 
be possible later. 

Careful consideration was given to the choice of problems to be in- 
vestigated. ‘These, apart from questions of disease, may be said to fall 
into four classes, under the headings of (a) breeding, (6) management, 
(c) feeding, and (d) transport to the factory. F inally, it was decided to 
begin with work on feeding, and the Committee’s proposals, inviting 
co-operation in the first experiment, were circulated to all pig-experiment 
centres in Great Britain and Northern Ireland. In response to these, 
eighteen centres joined in the first co-ordinated experiment, which was 
begun in the autumn of 1937. 

_ Facilities for experimentation vary widely from centre to centre, both 
in accommodation and in available staff, yet a common experimental 
technique is necessary if the co- -ordinated work is to be of value. It is 
impossible, however, to standardize conditions of housing and manage- 
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ment at the different institutes and research stations, and instead, reliance 
must be placed on carrying out the investigations at a large number of 
centres, and according to an experimental design capable of adequate 
statistical analysis. 

As far as possible, schemes of experiment have been adopted that can 
be followed at any centre with a minimum of accommodation and equip- 
ment. Full details of the experimental technique recommended are 
circulated, standard record-sheets are provided, and the statistical reduc- 
tion of all the results is carried out on behalf of the co-operating centres 
by the Committee’s co-ordinating officer, who is also responsible for 
promoting uniformity between centres in the essentials of the experi- 
ments. 

Reports and records on carcass-quality are obviously necessary for 
ascertaining the full effects of experimental treatments, and through the 
collaboration of the Department of Scientific and Industrial Research 
and the Bacon Development Board it was assured that these would be 
obtained for all experimental pigs sent to the bacon factories. 

The various records which it was decided to take are: 


1. The hot-carcass weight, i.e. the weight of the dressed carcass in- 
cluding skin, head, tongue, kidneys, tenderloins, flare-fat, tail, 
backbone, and feet, but after removal of the guts, pluck, &c. 

2. The length of the body-cavity, measured between the aitch-bone 

and the junction of the first rib with the backbone. 

. The depth of the carcass, taken at the deepest point between the 

fore-leg and the last rib. 

. The length of the hind-leg, measured from the aitch-bone to the 

tip of the toe. 

. The length and weight of the fore-trotter. 

. The thickness of the back-fat. This is measured at five places: 

A. At the thickest point over the shoulder. 
B. At the thinnest point over the middle of the back. 
C. At three places over the rump muscle. 


7. The thickness of the belly, at a point opposite the junction of the 
4th and 5th vertebrae below, i.e. nearer the head than the bend 
in the backbone. 

8. The weight of the flares, i.e. the fat of the body-cavity surrounding 
the kidneys. 

g. The weight of the fillets, trimmed so that only the Psoas major 
muscle is weighed. 

10. The weight of the kidneys. 

In addition to these records a sample of the back-fat cut from near the 
tail is taken from each pig and sent to the Low Temperature Research 
Station, Cambridge, for determination of the degree of softness of the fat. 

By means of the above series of records a fairly good picture can be 
obtained of the changes in body-proportions resulting from the various 
treatments which may have been imposed. The variations likely to be 
found between different classes and breeds of pigs have been discussed 
very fully by Hammond and Murray [1]. 
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Layout of the Experiments 

Few centres have facilities for individual feeding of experimental pigs, 
although this type of experiment allows of much greater accuracy in 
regulating and determining precisely the amount of food eaten by 
each animal. At the majority, group feeding must be carried out. In 
this case the pigs on a given treatment are housed together in one pen, 
are fed together at one trough, and are under conditions similar to those 
of commercial practice. When both individual and group-feeding trials 
can be run, this dual basis of experimentation affords an important 
check [2]. 

The number of pens in a group feeding-trial is, of course, equal to 
the number of treatments under investigation, or, where replication 
at the centre is possible, it is some multiple of this number. Ideally, 
all the pens should be strictly comparable in their composition so that 
differences in results may truly reflect treatment effects. To effect this 
object so far as possible, the following method is used: 

Assuming, for example, that three feeding-treatments are under trial, 
groups of 3 pigs, matched in weight, from the same litter and of the 
same sex are selected. ‘he members of a group are then allotted to the 
pens at random, one going into each of them. If, say, 6 pigs per pen will 
be accommodated, this procedure will be repeated 6 times. Probably 
pigs from 3 or 4 litters will be needed in order to build up the pens in 
this way. These litters should have been farrowed at about the same 
time and their dams should preferably be related and sired by the same 
boar. ‘Table 1 shows an actual example of pigs allocated to 3 pens in 
the manner described. Pigs from 3 litters were used. 


TABLE 1. Composition of Pens of Six Pigs each 
Pen 


I 2 3 


Litter |Ear No.| Weight| Sex | Ear No. Weight; Sex | Ear No.| Weight| Sex 


886 1168 29 Gilt 1169 30 Gilt 1170 27 Gilt 
1174 27 me 1175 28 a 1171 29 ‘ 

318 1184 42 Hog 1187 38 Hog 1185 36 Hog 
1188 35 +s 1182 32 9 1183 37 ” 

314 1192 a7 Gilt 1198 36 Gilt 1193 38 Gilt 
1196 38 Hog 1194 40 Hog 1195 31 Hog 


In this example there is a rather wider range of weight within each pen 
than is desirable, although the 3 pens are well comparable. If possible 
the pigs should have run together from an early age in order to reduce 
the chance of fighting and general disturbance when the pens are made up. 


Analysts of the Results 


Each selected set of 3 pigs in the above example can be regarded as a 
‘block’, and the 18 pigs involved may be considered, for the purposes of 
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statistical analysis, as being made up of 6 ‘blocks’ of 3 pigs, each ‘block’ 
containing 1 pig on each of the 3 treatments. 

Before the start of the true experimental period it is advisable to have 
a ‘preliminary’ period during which the pigs become accustomed to their 
groups and pens, and get used to the ration which will be fed to them. 
Pigs which obviously are abnormal can be removed during this time and 
replaced by others. Weekly weighings are taken and thus the uniformity 
of performance both within and between pens can be observed. Per- 
formance during the true experimental period may, in suitable cases, be 
corrected by covariance for performance in the preliminary period. 

During the experiment each pig is weighed periodically, usually once 
a week, and the amount of food consumed weekly by each pen is recorded. 
The rate of live-weight gain can thus be calculated for each pig, and 
after slaughter each pig has a complete set of carcass-records. In regard 
to food consumption, however, only a figure for each pen as a whole is 
obtainable. Thus, within each centre, analysis of data concerning rate 
of live-weight gain and carcass-conformation is possible, though the 
strict validity of this procedure is perhaps open to doubt. Reverting to 
the example, the 17 degrees of freedom for the total variance between 
the 18 pigs may be partitioned as follows: 


Variance D.F. 
Between ‘blocks’ : : : : ; 5 
Between treatments , . ' : 2 
Interaction, or ‘error’ . : ; : - 0 


and the significance of the treatment effect, with 2 d.f., may be tested 
against the differential response to treatments within the different blocks 
represented by the error term, with ro df. 

In regard to food consumption, however, only one set of figures is 
contributed by each centre, unless, as is sometimes possible, the experi- 
ment is replicated within the centre. Each centre may be regarded as 
supplying one replication to the scheme as a whole. 

Thus, ——— ten centres are co-operating, with three pens at each, 


the table of the analysis of variance of the combined data may be con- 
structed as follows: 
Variance D.F. 
Between centres ; : ; ‘ : 9 
Within centres: 
Average treatment effect . . . 2) - 
Interaction of treatments with centres . 18) 


The estimate of error, against which the average treatment effect 
may be tested, will be supplied by the interaction of treatments with 
centres, or replications. 

If, however, combined data concerning rate of live-weight gain, or 
carcass-conformation, are considered, the analysis may be performed 
in a different way, for an analysis within each centre is possible in these 
cases. The treatment of such data has been dealt with by Snedecor [3], 
and, in considerable detail, by Yates and Cochran [4], who describe the 
complications which may arise in certain circumstances. 
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lock’ Table 2 gives the pen, or treatment totals for the rate of live-weight 

gain per ry in 10 experiments with 3 pens of 5 pigs in each. The 179 
have | degrees of freedom between the 180 pigs concerned may be partitioned 
their | as follows: 


hem. Variance D.F. 
- and Between centres : ; : : . § 
mity Within centres: 
Per. Between blocks ‘ ‘ : - 50 
€T- Average treatment effect . ; : _— 
s, be Interaction of treatments with centres. 18 (17 
Aq Pooled error . : 3 ; . 100 
ae The marginal totals from the 10 centres supply the sum of squares 
:, er for ‘between centres’, and the average treatment effect is obtained from 
a the three totals at the foot of the table. The ‘interaction’ of treatments 
A with centres is obtained, by difference, from the sum of squares of the 
o€ 1ST 30 figures in the body of the table. 
rate — - : 
a TABLE 2. Rate of Live-weight Gain per Day in Ten Experiments 
ween (totals of 5 pigs each) 
Treatments 
Centre I II II Total 
N.Ireland. , : : : : TAT 6°27 5°54 19°28 
Dauntsey’s . ? , . . ‘ 7°50 6°45 5°85 19°80 
Lancashire. ‘ ; ° : ; 6°30 6°70 6:93 19°93 
ested Monmouth . : = ; ; 6°77 5°97 5°92 18°66 
locks Kirton . ; : : ‘ ‘ : 7°66 723 6°63 21°52 
Harper Adams (A) F . ; : 7°31 7°14 6°29 20°74 
: es - (B) : : , : 7°56 7:06 6:18 20°80 
res 18 Midland ‘ ; ; , ; F 6°81 6-61 5°39 18°81 
cperi- Cumberland . : - ° ; ‘ 6°55 6°04 5°60 18-19 
ed as Durham ‘ : ; : ‘ ; 6°72 6°72 747 20°91 
Total. ; : ; ‘ . | 70°65 66-19 61°80 198°64 
each, Mean 1°413 1°324 1°236 1°324 
- con- 

Of the 100 d.f. for the pooled estimate of error, 10 are contributed by 
each centre and the associated sum of — can be obtained simply by 
summation of the 10 sums of squares for error in the separate analysis 
of each centre’s results. 

_ Weare not greatly concerned with the variation between blocks, except 
in its removal and in the reduction in error thus brought about. The 
effect § main interest of the analysis attaches to the average treatment effect and 
, with § to the interaction of treatments with centres. ‘The ‘between centres’ 


term has some interest also in showing the extent of the variation from 
in, or — Centre to centre of the measurement or record under investigation. ‘The 
yrmed § @ppropriate term with which the average treatment effect should be 
these — Compared will depend upon the particular question to which an answer 
or [3], | sought. If the question is whether there is any significant treatment 
ye the § eifect, over the whole range of management conditions and types of pig 
ot which the centres may be regarded as supplying a representative 
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sample, the appropriate error against which to make the comparison 
will be the interaction of treatments and centres, which measures the 
differential response of the various centres to the same treatments. If, 
on the other hand, the concern is simply with the results as obtained 
from the particular pigs at these centres, not regarding the latter as a 
sample of the area as a whole, the appropriate error to use will be the 
pooled estimate, which takes no account of the variation in response from 
centre to centre. The interaction term will itself be tested against this 
error, and if differing significantly from it, it is clear that at one or more 
centres the results are not in agreement with the average effect over the 
combined experiments. In this case, recommendations made on the 
basis of the general results will need local modification. 

There is, of course, no necessity for the number of blocks to be the 
same at each centre, although if this is so the computation is considerably 
simplified. 


TABLE 3. Weight (in grams) of Kidneys of Pigs in Eight Experiments 


| No. of : 

pose ee Treatment (pen) totals 
Centre | treatment r 2 3 Total 
Lancashire : ; i 8 2,265 2,369 2,314 6,948 
Monmouth . F ; 6 1,776 1,544 1,633 4,953 
Kirton 3 ‘ ; 5 1,450 1,349 $,287 4,056 
Harper Adams (A) 5 1,572 1,475 1,402 4,449 
ss a (BB). : 5 1,666 1,582 1,484 4,732 
Midland ‘ ; 6 1,808 1,497 1,320 4,625 
Cumberland : 6 1,468 1,351 1,338 4,157 
Durham . 5 ‘ ; 6 1,470 1,386 1,555 4,411 
Total ; 2 . 47 13,475 12,553 12,303 38,331 
Mean ‘ : P rae 286°7 267°1 261°8 271-8 


Table 3 shows the treatment totals for kidney-weight in experiments 
at 8 centres where the effect of feeding at three different levels was being 
investigated. The grand totals and means are given at the foot of the 
table, and the number of pigs in a pen at each centre (and thus the 
number of pigs contributing to each treatment-total) are also shown. 
Table 4 shows the form of the analysis of variance for one centre where 
there were 5 pigs per pen, and thus 5 ‘blocks’ of 3 pigs each. In Table 5 
the sums of squares for ‘treatments’ and for ‘error’ are tabulated from 
similar analyses carried out on each centre’s results. 

The combined analysis of all the centres’ results can now be drawn up 
as given in Table 6. In the formation of this table, the pooled estimate 
of error is obtained by the summation of the separate sums of squares 
for error given in Table 5. The sum of squares for the average treatment 
effect comes from the three ‘all-centres’ totals in Table 3, and that for 
the interaction is obtained, by difference, from the 24 totals in the same 
table. Calculation is done throughout on a single-pig basis. Hence, i1 
obtaining the total sum of squares, each figure, when squared, is divided 
by the number of pigs contributing to it. Thus, each ‘centre-total’ when 
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squared is divided by the number of pigs at that centre, and each of the 
three combined treatment-totals squared by 47. 


TABLE 4. Analysis of Variance (Kidney-weight). Kirton Centre 


Degrees Sums 


of of Mean 


Variance freedom | squares | square F Significance 
Between blocks : : : 4 417°6 104°4 ace 
Between treatments : : 2 3.7296 | 3,603°6 | 3°31 
(Main effect) ‘ , ; I 3,724°9 | 3,724°9 | 6°62 | P(-o5 
Error. ; , ; : 8 4,500°4 562°5 ne 
Total F ' ‘ : 14 8645-6 


(F = Mean square for treatments/mean square for error) 


TABLE 5. Sums of Squares for ‘Treatments’ and ‘Error’ in Eight 
Experiments 


Degrees of 


Sums of Squares : 
f Sa freedom for 


Centre Treatments __ Error error 
Lancashire. : : ; 677 10,922 14 
Monmouth . ; ; - 4,566 7,558 10 
Kirton . , ; ‘ ; 3,728 4,500 8 
Harper Adams (A) . ; ; 2,909 1,169 8 

»  »  (B). 35319 35577 8 
Midland .- : 20,344 9,115 10 
Cumberland . . , : 1,709 2,942 10 
Durham ; ; : ? 2,380 7,861 fe) 

Total ‘ : : ; 39,632 47,644 78 


TaBLe 6. Analysis of Variance of Combined Results 
(On single-pig basis) 


Degrees of | Sums of | Mean Root mean 


Variance freedom squares | square square 

1. Between blocks . ; ; , 39 ok ar 
2. Between centres r | 92,472 | 13,2103 
3. Average treatment effect , 2 16,214 8,107°0 
4. Interaction of treatments with 

centres ‘ ; : . 14 23,418 1,672°7 40°90 
5. Pooled estimate of error : ‘ 78 47,044 652°7 25°55 

Total ; : ‘ ‘ ; 140 


It will be seen that the sum of squares for the average treatment 
effect and for the interaction of treatments with centres are together 
equal to the total sum of squares for treatments in ‘Table 5, thus giving 
a valuable check on a long series of computations. 

Comparison of the interaction with the pooled error gives a value of 
F of 2:56, which is significant with P less than 1 per cent. ‘Thus the 
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reaction to the treatments is not the same at each centre. The average 
treatment effect is significant when compared with the interaction 
(F = 5-27) and very significant when compared with the pooled error 
(F = 12°42). 

It will be realized that it is difficult in practice to ensure that all pigs 
are sent to the factory and slaughtered at exactly the weight decided upon 
in the general scheme. By means of the technique of the analysis of 
co-variance, however, the various carcass-measurements can be corrected 
for variations in final live-weight or carcass-weight, provided that there 
is a significant degree of correlation between the variables concerned. 


Experimental Programme 


The first co-ordinated experiment dealt with the value of dried potato- 
meal in replacing barley-meal to different extents in the ration of the 
bacon pig. The second was on ‘restricted’ feeding, a subject which has 
enanal Gantihealie interest in recent years and about which there are 
conflicting views. Three levels of feeding were compared, and the 
number of pigs concerned in each of the two experiments was nearly 400. 
Reports of the results obtained will, it is hoped, be published shortly. 

Coane were next invited to co-operate in trials of the so-called Leh- 
mann system of pig-feeding, in which bulky, home-grown foods replace 
a proportion of the meal ration. These trials could not be carried out 
with the same degree of uniformity as in the previous experiments, since 
different bulky foods became available at different seasons and centres, 
but they gave results of particular value and interest for war-time con- 
ditions. 

The fourth co-ordinated experiment, of which results are now mostly 
complete, is concerned with the value of dried separated milk in the 
ration of the suckling and weaner pig, whole litters being allocated to one 
or other of three rations. Co-operation is of particular help here, for 
variation between litters may be large, and only by the use of a large 
number of replications are treatment effects likely to be detected. 

War-time Leeding has now become of paramount importance and 
some twenty centres are co-operating in further trials of the Lehmann 
system, many supplementary foods being used. These have already in- 
dicated the lines on which considerable savings in meal may be obtained, 
not only in the fattening of bacon-pigs but also in the feeding of breeding 
stock. 

Results so far obtained from the work of the Pig Experiments Co- 
ordinating Committee show that many of the major problems of com- 
mercial pig production can be solved only by co-ordinating the 
resources of centres situated in all parts of Britain. Such co-ordination 
involves little difficulty for each centre once the design of the experiments 
has become familiar, and gives to experiments at centres having few pigs 
and resources an effectiveness they could not possibly receive from their 
isolated work. 

The greater the number of centres which participate, the more valuable 
becomes the joint result, both in deriving authoritative conclusions and 
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yerage | in demonstration to farmers. It is hoped in due course to include 
action | housing and management as well as breed and strain in the subjects of 
error § inquiry. 
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MANURING HEVEA. III. RESULTS ON YOUNG BUDDINGS 
IN BRITISH MALAYA 


W. B. HAINES 
(Dunlop Malayan Estates, Ltd., Malacca, Straits Settlements) 
AND 
E. M. CROWTHER 
(Rothamsted Experimental Station, Harpenden, England) 
WITH PLATEs 10, I1 


Summary.—The results of fourteen manuring experiments with young 
budded rubber on the inland soils of British Malaya are described. 
Phosphate has proved to be the outstanding stimulant of growth, earlier 
maturity to the extent of between 6 months and 2 years being easily 
gained when manuring was started in good time. Nitrogen gave much 
smaller effects and potash normally gave nothing measurable. Inter- 
actions between the three elements were not of great importance. The 
yield comparisons as yet refer only to early tapping years, but effects are 
signally small compared with the known influences on vigour and 
growth. 

The experiments —The manuring experiments under review were laid 
down on the Dunlop rubber estates in 1934 in collaboration with the 
staffs of the Rothamsted Experimental Station and the Agricultural 
Research Department of I.C.I. Ltd. (Jealott’s Hill). The series is con- 
fined to stands budded with modern clones, and comprises nine experi- 
ments on trees which were immature at the start, being 2 years from 
budding, with five experiments on trees which were nearing maturity. 

No safe assumptions could be made in designing the experiments as 
to the forms and optimal rates of fertilizers to be used, although it was 
known that there was much room for improvement in growth-rates. 
Experience with older stands has also shown that at some stage in the 
productive life it is necessary to manure (chiefly with nitrogen) if 
deterioration is to be avoided. The design chosen was therefore the 
27-plot layout in which nitrogen, phosphate, and potash at three levels 
(0, 1, 2) are used in every possible combination. ‘The ‘Technical Com- 
munication No. 35 of the Imperial Bureau of Soil Science, by F. Yates, 
may be consulted for the analysis of this layout, and it will suffice 
to say here that the main effects of each element in two doses can be 
assessed from averages of g plots (since out of the 27 plots we can pick 
for each element g controls with nothing, 9 which receive the unit 
dressing, and g for double dressing), whilst first-order interactions 
between pairs of elements can be assessed from averages of threes. The 
design also allows a single replication of 27 plots to be set out in 3 
blocks, the standard error being estimated from the interaction terms 
other than the linear first-order ones. In accordance with a convention 
adopted by Yates, the interactions are given as one-half the difference 


in response to one fertilizer in the presence and absence of a second. 
3988.31 
M 
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Throughout the paper degrees of significance are indicated by ** for 
P less than o-o1, and by * for P = o-o1 to 0°05. 


For most of the immature stands the layout consists of 5 rows of trees 
half a mile long to each treatment, of which the middle three only are Si 
used for measurements. Each treatment is separated from the next by C 
one unmanured row, so that the plots of 3 experimental rows alternate ‘ 


with plots of 3 guard rows, and each plot of 3 experimental rows is thus 
protected by similarly treated neighbouring rows. The original inten- 
tion was that each plot of 3 rows would form a complete commercial 
task for recording ol yield, and their size and shape were selected on that 
basis, but new methods of recording by ening of trees with cup- 
coagulation have since been introduced, and the tasking now crosses the 
plots at right angles, so reducing the error due to variation of tapping 
skill. This method of recording permits latitude in the plot-size. u 

From considerations of the statistics gathered and the similarity of the . 
responses in the individual experiments, it was found feasible in 1939 
to reduce the plots to one-third of their former length without much 
loss of information. . 

On one estate of immature rubber 13,000 acres in extent, planted in >. 
1930, at spacing 12 x 18 ft., budded 1931-2, nearly one-tenth of the total di 
area was laid down to these experiments. The remaining five ‘mature’ lat 
experiments were laid down on two other estates, also on a task basis, 
‘these being of a more compact form, as commercial tasking had already 
been done. Guard plots separate the manured plots from one another. 


These experiments have since been re-tasked so as to split up each plot a 
between a number of tappers, and the plot-size reduced to 180-200 trees. . 
The following approximate figures indicate the scale of the under- Ww 
taking: N 
Acreage of plots (excluding guards) ; 1,260 it 
Tons of fertilizer used in 1938 * ; SI7 di 
Number of girths measured : - 161,000 
Trees sampled for yield ‘. : 4 90,000 to 
Standard analyses of variance : ‘ 350 th 
Soil.—The soil of the immature group is a harsh white clay derived " 
from quartzitic shales. Large sections must have been subject to frequent la 
flooding under its original jungle conditions, and lateritic gravel occurs th 
in all slightly elevated areas. In Table 1 are given the analysis figures ne 
for a composite sample, which sufficiently indicates the soil type. th 
Clones.—The experiments with mature trees include only two clones to 
Av. 50 and Av. 49. Those with immature trees, which were planted ve 
later, represent a wider choice and include 3 experiments with B.D. 5, bs 
2 with P.B. 23, and 1 each with Av. 256, P.B. 186, ‘Tj. 1, G. 1. ws 
Rates of application —Table 2 gives the rates of application originally ri 
specified, which have so far been adhered to. To assist in application, 
he mixtures were machine-mixed, delivered in 100-lb. bags for easy am 
man-handling over rough ground, and doled out to each tree by the aid a 
of galvanized iron mugs, specially made to the requisite sizes for the | ,, 
different plots. Weeded rentices down the rows are used for application, : 
which is accompanied only by very light surface-cultivation or scuffling. | \y, 
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TABLE 1. Soil Analysis" 


Coarse sand . 16:2 per cent. ‘Available’ P.O; (Truog’s method) . 38 p.p.m. 
Fine sand . 34°7 Total P,O; (HCl-soluble) ‘ . 100 oi 
Silt 26°3 - ‘Available’ K,O (Milne’s method) . 71 = 
Clay 23°0 es Total K,O (HCI- es , . 660 es 
Moisture . 1°44 _ ,, Nitrogen : . 700 ae 
Sticky point . 21 ~ pH . ‘ ‘ - 4°06 


Conductivity jc: 5 water extract) 23x10 mho. 


TABLE 2. Unit Rates of Application of Fertilizers in ounces per tree 


| 6 and 


Age since budding, years ; 2 g | « 5 | over 
IN. Sulphate of ammonia . : ‘ . | tO | 394. | 96o | 16-97 | are 
1P. Cheribon rock phosphate* . : =} oem go | 10°8 | 12°6 | 1474 
1K. Sulphate of potash , : ; ‘ 4°5 5°6 6-7 | 78 9'0 


* Cheribon phosphate, 28 per cent. total P.O; (13 per cent. citric-soluble P,O,), 
used in 1934~-5—6, Christmas Island phosphate 36 per cent. total P.O, (11 per cent. 
citric-soluble P,O;), used in 1937 onwards, reduced in amount to give the same total 
P,0;. ‘The logical possibility that the fading of the phosphate effect after 1936 was 
due to the change in source of supply or dosage is negatived by the results shown 
later in Table 10. 


GROWTH DATA 


Experiments on immature trees.—Girth measurements have been taken 
annually (in a few cases half-yearly) on a sample of trees selected as 
1 in 10 and permanently marked. ‘The first cardinal tree in each row 
was selected at random and every tenth one was marked off from this. 
No apology for retaining a fixed sample of trees will be required when 
it is realized that, since growth-rates or increments derived as girth- 
differences are highly desirable for analysis, each sample of trees has 
to be measured twice, and to take a new sample each time would double 
the amount of work, besides adding greatly to the complication of tree 
identification. Marking of all trees with permanent numbers is not 
feasible when they are small, although this was finally carried out at a 
later stage. ‘This fixed sample of trees differs slightly in character from 
the final stand by reason of a small class of late buddings or supplies 
which grew up after the selection was made. ‘The effect of omitting 
these small trees was proved by additional work on new samples in 1939 
to give at that date average girths 10 per cent. in excess of actual. The 
manuring effects of nitrogen and phosphate had also been over-assessed 
by about 0-8 cm., since the small class, as late arrivals, are repressed by 
overshading, and this is exaggerated by manuring, so giving more rela- 
tive weight to the class when introduced into the s: imple. 

The original stand at early stages has an abnormal size-variation due 
to the succession of budding rounds, but it may be noted that incre- 
ments or growth-rates are more uniform, for if the cambium lays down 
wood at the same rate on all trees, the girth-increments are the same on 


' The authors are indebted to the Soils Division, Rubber Research Institute of 
Malaya, for these figures. 
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small late-budded trees as on larger early-budded ones. This applies to 
such an extent that average increments are subject to a very much smaller 
error than average girths during the early development of a budded 
stand, and so are more sensitive and reliable for the proof of experi- 
mental responses. 


MAIN RESULTS 


The general nature of the results and method of presenting the data 
for this layout can best be exemplified by giving the average girth- 
figures in the 1938 campaign of measurement for the immature group. 
‘They represent the effects after rather more than four years’ action of 
the fertilizers. ‘The primary data were entered as 243 values (9 experi- 
ments by 27 treatments), each being the average of a sample of 50 to 
60 trees. Table 3 sets out the 27 averages for treatments, the 3 x 3 tables 
for studying interactions, the final summary of results, and analysis of 
variance. ‘lhe average girth of the trees when they began was between 
11 cm. and 15 cm., so that about three-quarters of the total growth 
measured in the Table may be reckoned to have taken place while under 
the influence of the treatments. 

The major effect is produced by phosphate, an average extra girth of 
8 cm. being attributable to the double dressing, which corresponds to 
maturity being advanced by a period approaching two years. ‘The 
unit dressing produces significantly more than half the effect of the 
double dressing, giving sufficiently reliable data from which to attempt 
an estimate of the optimum dosage when questions of outlay and return 
are properly introduced. One such calculation gave a return from 
double phosphate valued at five times its cost, from which it can be 
derived than an optimum dressing for the period would be in the region 
of 24 times the unit chosen for the experiments. Nitrogen has produced 
a smaller (but still significant) effect—about one-third that of phosphate. 
Since the cost of the nitrogen treatment is three times that of phosphate, 
its effects are some nine times as costly to produce, and would scarcely 
seem economic, though a similar estimate to that for phosphate indicates 
that a low dose of about 4 unit might just be profitable. The effects of 
potash are very small indeed and not significant. ‘The only important 
positive effect of potash on record in these experiments was a 25 per cent. 
assistance to growth during recovery (Expt. No. 10) from heavy wind 
damage which occurred at the end of two years’ treatment, when a large 
proportion of trees were pollarded. It is important to notice that none 
of the interactions assume significant values in these average effects. 
This provides reliable evidence, where evidence was previously scanty, 
on the question of providing balance in fertilizers for rubber. Inter- 
dependence has not been important. 

[he manner in which the effects have developed has points of special 
interest and these are depicted in Fig. 1, where the extra girths gained as 
the main effects of nitrogen and phosphate are plotted against time. No 
correction has been made for the small interactions, and the potash 
effect has been passed over, as it cannot be said to exist. The figure 
has been derived from six experiments (three being omitted because 0! 
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TABLE 3. Guirths of Immature Trees after 4} years’ Action of Fertilizers 
Average of nine experiments. General Mean 47-17 cm. 

Primary Table. Average for each of 3 x 3 ¥ 3 treatments. S.E. +-0°632. 
oK oK oK IK 1K 1K 2K 2K 2K 
oP if oF oP IP 2P oP i 2P 


oN 41°5 | 47°! 48°1 40°! 47°! 49°2 | 42°! 46°2 | 49°4 
IN 42°2 | 47°99 | 510 | 42°3 | 49°7 | 50°3 | 42°6 | 49°5 | 52°0 
2N | 43°7 | 49:2 | 52°6 | 43°8 | 501 | 51-4 | 43°7 | 49°4 | 50°9 


Two-Factor Tables. Averaging third factor. S.E. +-0°366. 


Effect of N and P Effect of P and K Effect of N and K 
averaging K averaging N averaging P 
oN IN 2N oP rr 2P oK IK | 2K 
oP | 41° 43°7 | oK 48:1 | 50°5 | ON | 45°6 | 45°7 | 45°90 


5 2°3 42°5 
IP | 46°38 | 49°0 | 49°6 | TK | 42:3 | 48:9 | 5073 IN | 47°0 | 47:4 | 48°0 
2P | 489 | 5171 | 51°6 | 2K | 42°8 | 48-4 | 50°38 | 2N | 48'5 | 48-4 | 48-0 


Linear Interactions: one-half the difference in the responses to the double dressing 
of one fertilizer in the presence and absence of the double dressing of another, e.g. 
N xP K{(2N.2P—2N.oP)—(oN.2P—oN.oP)}. 
N x P +-0°25 Px K —o:05 N x K —0°37 S.E. -+-0°366. 


Single-Factor Tables. Averaging other two factors. 


Means Responses 
First Second Linear 
dressing | dressing responses Curvature 
N P K (1—0) (2—1) | (2—1)+(1—0) | (2—1)—(1—0) 
© | 45°7| 42°5 | 47°0| N | +1°78** | +0-82* }+-2*60** -0'96 
t | 47°5 | 48°5 | 47°2 P + 5-96** | +-2-06** | 8.92%# 3:90** 
2 | 48°3 | 50°5 | 47°3 K +O'1s +Or13 +o:28 0°03 
S.E.+o-211 S.E +o0:298 £07298 -£o:298 Lo's19 


Analysis of Variance of 9 x 27 Table 


D.F. Mean square 
Experiments (Clone and site) F 8 
Blocks within experiments . ; : ‘ 18 | ao 


22°7 
Treatment: Linear responses 3 960°3 
Curvatures ‘ ‘ . 3 * 
Interactions ‘ ; ‘ ; - 4 1°8 
‘Treatments < experiments ; ; ; 72 «| 4°9 
Remainder ‘ ; ; ; ; . 135 | 3°596 
‘Total ; ‘ ‘ : . ‘ 242 


Standard error per plot -- 1-896. 


interrupted history) by plotting growth-curves from the field data, then 
reading off and averaging the values at six-monthly intervals. The 
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nitrogen effect developed normally and steadily, whilst the phosphate 
effect, after suffering a short period of induction at the start, passed on 
to a very rapid development and then slowed down again as though 
approaching a stage of saturation. These changes correspond exactly 
to a wave of growth lasting about three years and reaching its maximum 
in 1936, about four years from budding. Curves of growth-rates for oP 
and 2P plots are introduced into Fig. 1 to show this. The oP curve may 
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Fic. 1. Mean effects of N and P on girth and growth-rate, average of six experiments. 
The strokes on the growth-rate curves mark the dates at which the girth reached 15, 
20, 25, &c., cm. 


be taken as a characteristic or control rate-of-growth curve for the 
period. ‘The common origin of the two curves at about 5 mm. per month 
is simply the average rate from budding, revealed by the first girth- 
measurements. Over the first two years the oP rate increased to a 
maximum of about 7 mm. in 1936 and then fell to about half this value 
a year and more before tappable size was reached. That means that the 
final steps to maturity are very slow. Under the stimulation of phosphate 
the 2P plots reached a maximum rate of over 10 mm. per month (4 in. 
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per year). Ona good site that rate would be a good one without manuring 
for any immature stage. In spite of the stimulation shown by manuring, 
the same fall in rate set in without regard to clone or treatment, so that 
2P plots had slowed down to 44 mm. per month by the time they reached 
maturity. It seems probable that such a period of maximum stem- 
growth, corresponding to the autocatalytic curve as roots and leaves 
multiply, may always be expected. In this special instance the feature 
was exaggerated, firstly, by the very poor start the planting had, and 
secondly, by an unusually rapid and severe onset of competition between 
trees, due to poor and shallow soil. However that may be, the changes 
in rate of growth are a basic feature of the data before us. The difficult 
thing to explain is the fact that, although certain clones and certain 
treatments were much earlier than others in branching and closing their 
canopy, this had no appreciable effect in shifting the time of maximum 
growth or the fall we attribute to competition. In the diagram the times 
are marked at which oP and 2P plots reached certain average girth- 
values, and we see that the particular stage from 30 to 35 cm., for 
instance, was passed through by the 2P plots before reaching the zenith 


Number Clone 
12 PB.23 


UV 1 
PB.186 
BDS 
G.1 
B.D.S 
Av.256 
BDS. 


Girth 15cm. 25 35 45cm. 
op 6 
10 





20 
eP 27 
23 
22 
| 2P OP OP| 2P OP 


——— 


O 1 c 3 4 7 years 


onseaw"wn Oo wr 


Fic. 2. Comparison of times taken to reach various girths for treatments 
OP and 2P in individual experiments. 


of activity, whereas the oP plots passed through it after passing the 
zenith. ‘The wave depended on the age (or the date) and not upon the 
stage of development as measured by size of tree. The question of rain- 
fall was examined without revealing any likely explanation in that direc- 
tion. The plain practical conclusion is that early manuring with 
phosphate in such a case as this secured special advantages for big 
responses, and that the opportunity is comparatively restricted after the 
passing of the fifth year from budding. Phosphate has been specially 
associated in some way with stimulating site-exploitation by the tree 
during its immature phase. Simple considerations of rate of root-growth 
fail to provide a full explanation because the onset of competition did 
not come much earlier in the plots of greatest stimulation. 

Time gained.—The advantages gained by way of earlier maturity from 
the use of phosphate are brought out in Fig. 2, where the individual 
experiments are compared. This diagram shows a time-scale whose 
zero for all experiments has been made to correspond to the date (early 
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in the experiments) at which oP plots reached an average girth of 15 cm. 
The times are then marked at which the oP and 2P plots reached averages 
of 25, 35, and 45 cm., and the lengths of the thick lines between such 
points represent the times gained at the particular stages of growth. 
[he experiments are placed in the order in which the oP plots reached 
the last value, thus grading them upon a factor combining the clone 
vigour and the site-fertility. ‘The time gained at 45 cm., which is a little 
before tapping begins, varies from 6 months for P.B. 23, a strong clone 
on one of the better sites, to 27 months for G. 1. The latter is undoubt- 
edly one of the poorer sites, but with the use of phosphate this clone did 
as well as the very vigorous clone ‘Tj. 1. 

Trees can be opened for tapping when a girth of 20 in. is reached, and 
maturity of a stand is defined as 70 such trees existing per acre. ‘This 
corresponds to an average girth of about 47-5 cm., and the dates of 
maturity for this standard have been marked by arrows in Fig. 1 for 
oP and 2Pplots (without correcting for interactions). ‘The average advance 
in the tapping-date due to the double phosphate dressing is 22 months. 

Tappable stand at opening.—The present chapter in the story of these 
experiments has been closed by tapping. An excellent index of the final 
position is afforded by the number of trees per plot brought into tapping, 
a summary of analyses being given in Table 4. ‘The data differ from those 
so far discussed in being based upon a size-selection from the complete 
population, whilst the others were derived from a sample of one-tenth 
of the trees (very slightly biased in favour of the earliest established 
trees). ‘The average stand of tappable trees per acre for eight experi- 
ments was OP plots 51-9, 2P plots 96-0. ‘The nitrogen effect was highly 
significant except in the two experiments on P.B. 23. ‘The greatest 
contrast was shown in Experiment No. 1 (see Plate 10), which had only 
7 tappable trees per acre on the untreated plot against go or more on 
those receiving both nitrogen and phosphate. ‘There was some slight 
indication of a negative interaction between nitrogen and potash. 

Experiments on mature trees —Growth-effects in the older buddings 
are shown in ‘Table 5, based upon a combination of girth-increments 
over four years. In these more mature trees the growth for this period 
represents only a small fraction of the girths measured. Although the 
actual girths have such a high standard error that they fail to prove any 
results when used directly, the increments are far more sensitive and 
have shown significant results in each annual interval and in each 
experiment. 

Nitrogen has nearly the same effect as on the immature trees, which 
means a greater relative effect, since the average growth-rate has been 
much slower. Although phosphate still has a greater effect than nitrogen, 
the average phosphate effect (3-4 cm.) is much smaller than that on the 
immature trees (8-0 cm.). ‘The NP interaction is positive and 
approaches significance. 

Putting the two series together, it appears that the greatest effect of 
phosphate is derived during the period before competition is felt, when 
the rate of root-development determines the rate of exploitation of 
fresh territory; whilst nitrogen becomes more important after the onset 
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Analysis of Number of Trees per acre ready for Tapping at 


Opening, 1939 


Experiment No. I 2 | 
Clone G.1 Av. 256 B.D. 5 
Average . Joo g2 77°3 
Means 
oN 60°6 84°7 69°2 
1N 72°0 92°7 79°6 
2N 774 99°0 83°3 
oP 18-4 45'0 47°2 
i 86:1 113°5 84:0 
2P 105°5 117°9 100°7 
oK 70°2 92°6 81-0 
1K 68-6 88:8 75°7 
2K 7ul 950 75°3 
S.E 48 78 5°8 
Main effects: 
Linear response 
N : + 16-°8** | +14°3* br41** | 
P . Ss t+-87-0** \ 73;0** { 53°5** 
K o'9 2°4 5°7 
S.E. 3°4 5°5 ee 7 
Curvature 
N ‘ . 6-1 1°6 65 
P . ; 48°3** 64:1** 20'1* 
K 4°0 9°9 5:0 
S.E. 5°38 9°6 Fae 
Linear interaction 
NxP . ot 33 9°3 0°3 
NxK. 50 15°3* 4'1 
PXK . - 68 1° 1°4 
S.E. 4°1 6:8 5"0 


1 Experiment No. 


8 
B.D. 5 
85°6 


768 
88°3 
gi'4 
53°7 
97'I 
105°6 
80°5 
88-3 
87°6 
5°° 


+14°6%* 

+ 52°0°* 
71 
3°5 


8°5 
350°" 
85 

+ O18 


9 5 10! 12 
P.B. 186 Th. 2 P.B. 23 | P.B.23 
804 94°4 53°8 76°7 
726 88-4 50°0 738 
85°6 92°9 56-9 81°7 
83°3 101°9 54°4 74°4 
56°5 76:0 46°3 71'8 
go’o 104°4 56°5 76:0 
95°0 102°8 58°5 82:0 
80°1 96°6 50°! 715 
82:2 93°7 52°1 80'5 
791 931 59°2 779 

49 5°3 5'1 £ 9°6 
4 10°7** A. 13°5%® } 4°4 4. o's 
+ 38-5?" | +26°S"" | +22°a°" | +2073 
10 3°5 + or” i+ Os 
3°5 & 37 3°6 - 68 
neat. 4 99. | —tg3 
285% 29°9** = 8-2 { 19 
5'2 + 2°2 + 5"1 | —11°6 
+ 61 + 6°5 6-2 4-11°7 
+ 04 69 + 1°6 ~-13'8 
59 o8 - 83 — 2°0 
3°3 o°3 4°0 ys 
4°3 t 4°6 t 44 j- 8-3 


10 suffered heavy storm damage in 1936. 


TABLE 5. Girth Increments in cm. during 4} Years’ Action of Fertilizers. 
Average of Five Experiments on Mature Trees. Average Girth-increment 
18-21 cm. 


Means 

Rate N F 
° 16°99 16°39 
I 18°51 18°47 
2 I9'I5 | 19°77 
S.E. +0°36 
Nx P Table 

oN IN 
oP | 15°81 | 16°77 
IP 17710 | 18°88 
2P | 18:05 | 19°87 
S.E. +0°63 


18°31 
18°19 
18°12 


16-60 
19°43 
21°39 


Main effects 


Linear response Curvature 


N +2:°17%* 0°89 
P + 3°38"* 0-77 
K o'19 }+-O°05 
S.E. +o0°s1 +O'g0 

Linear interactions 

N xP 1°28 

N x K 0°34 

PxK +-O'25 

S.E. +-0°63 





W. B. HAINES AND E. M. CROWTHER 


of competition. In the mature buddings, too, phosphate (to overcome a 
fundamental soil deficiency) is required in order to bring out the best 
results from nitrogen. Potash is shown not to be necessary for growth; 
indeed, the frequency with which small negative values occur suggests 
careful consideration before employing it. 

Bark thickness—Measurements of bark thickness have been made on 
one or two occasions, and they show similar effects to those already 
proved for girth. ‘Table 6 summarizes the results in two experi- 
ments with immature trees. The main effect is from phosphate and the 
difference would seem to express theadvances toward maturity of the bark. 
Measurements on bark-renewal, made on one mature stand which was 
opened after two years’ action of fertilizers, did not show any significant 
differences due to the treatments on bark up to 7 months’ renewal, but 
there was a positive correlation of high significance (r = +-0-740 for 
27 pairs) between average bark-renewal and girth. ‘This proves that 
bark-renewal is affected by site differences in the same way as girthing, 
though the experiment was not sensitive enough to establish the direct 
effect of manuring on bark-renewal. Site-variation through a block of 
land in Malaya usually causes much greater differences in yield and 
growth than the effects which can be achieved by manuring. 
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TaB_e 6. Effects on Thickness of Virgin Bark after 4 Years’ Action 


Expt. No. 4 
Clone: Avros 256 
Mean: 7°77 mm. 


Expt. No. 5 
Clone: Tj. 1 
Mean: 6-49 mm. 








N | P N| P| K 
; | 
o | 763 | 7°31 | 7°83 o | 647| 633 | 659 
I 781 | 7°88 | 7°78 I | 6:45| 6°44 | 6-43 
2 | 7°85 | 812 | 7°69 2 | 653} 6°69 | 6-45 
S.E. +0070 S.E. +0-060 
Main effects Main effects 
Linear Curva- Linear Linear | Curva- Linear 
response ture interactions response ture | interactions 
N +0:22* —o13 |INXP +o11 N +0°06 | +o:11 |NXP +0°03 
P +0°81** | —o-32 |INXK —o0'03 P +0:36**| +014 INxXK —o0! 
K —o'14 —o'04 | PXK +0°08 K —o14 | +017 | PxXK +003 
S.E. +o-o99 | +0169) S.E. +012 S.E. +o-o85 | +0:148| S.E. +o'1 


YIELDS 


Yield tests are carried out at intervals of one or two months by means 
of a sampling technique. A proportionate sample of trees is taken and 
the latex coagulated in the cup. The samples were machined, dried, and 
weighed individually during the time that full statistics were being col- 
lected, but when thesampling technique has been properly proved the bulk 
weight of dried cup-lump for each plot is sufficient. ‘The sampling error 
for a given intensity of sampling can be compared with the error of the 
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experiment to calculate L,' the fractional loss of information due to 
omission of trees. Each round of sampling provides only an estimate 
of L so that a number need to be averaged for safe conclusions. The 
results for budded rubber show that one may count on retaining more 
than three-quarters of the information when sampling 1 tree in 5, 
obtaining 30 tree samples from plots of 180 or 200 trees; and this was 
the standard finally adopted. ‘Table 7 shows the chief data for experi- 
mental and sampling errors and percentage loss of information, based 
upon 10 or 12 rounds for each example cited. 


TaBLE 7. Yield Errors, Ranges, and Averages on Various Rounds of 





Sampling 
Sampling error 
Experimental error | 30 trees Average per 
(per cent. of mean) | (per cent. of mean) ie nan need 
Experiment Clone Range Mean Range Mean ‘information L’ 
Freshly opened | Various 8-0-22°2 14°93 | 6:0-10°0 | 8-43 22°2 
immature | 
group 
No. 6 Av. 50 7°1-25°7 16°8 | 6°5-9'1 7°46 | II‘! 
7 Av. 49 62-193 | 14°7 | 6°5-9°5 8°37 | 24°4 
II Av. 50 8-0-25'2 14.4 | 5°7-10°6 7°70 3t°3 
13 Av. 49 1I°0-23°7 | 17°5 | §°O-10°2 | 7°30 | 10°7 
14 Av. 50 11°6-29°7_ | 18°7 | 6:1-12°4 | 9°25 15°2 
a nei i ~ Average ~ OT 16°07) .. | 808 | Ts _ 


Yields for the group of experiments on younger trees during their 
first months of tapping are shown in Table 8. ‘The average of effects 
on number of trees tappable (‘Table 4) are shown together with the 
effects on yield per tree tapped. Since only two rounds of sampling in a 
phenomenally dry year are available the evidence for yield is rather 
slight. 

The major practical result is, of course, the increased number of tap- 
pable trees at opening, but phosphate has also given a small but highly 
significant increase in yield per tree, which may be due, at least in part, 
to the better average size of the tapped trees. It can be estimated that 
the cost of the five applications of phosphate used to produce the results 
has been recouped in the first three or four months of tapping. 

Field data from the ‘mature’ group of experiments cover the early 
years of tapping, 5} years in the oldest experiment and 24 years in the 
youngest. Significant responses are shown only on a few occasions, 
and the positive effects are mainly contributed during periods of dry 
weather. ‘The average results are very small, the only significant effect 
* ¢ (:—) 5° where h = number of trees available, k = number sampled, 


B = sampling mean square, A experimental error mean square. Before averaging 
a group of values from identical experiments, they are corrected for bias by the 


A 
expression: L’ (; —- JL, where n is the number of degrees of freedom for error in 
n 


the experiment. [See Yates and Zacopany, J. Agric. Sci., 1935, 25, 545-] 
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after five years of manuring being a small increase for phosphate, as th 
shown in ‘Table 9. Although the effects are so small the conclusion al 
conveyed must be regarded as very important, for it is established o. 
beyond doubt that considerable differences in vigour and growth may be le 
Tasie 8. Mean of Effects in Eight Experiments on Immature Trees 
Tappable trees per acre: average 78°8 of 
e 
Means Main effects ; ul 
Linear 
N a K Linear response Curvature interactions 
: . th 
° 72°1 §2°0 77°38 | N -+-11°1%* 73" N xP o'8 
> | Gra 88°5 78°38 | P -+44°1%* 29:0** NxK 4°7 us 
2 83:2 96°1 79°38 K + 20 o'l PxK 06 T 
on S.E. + 1°5€ + 2°70 | S.E. Erg! : 
S.E. +1°10 - 7 | 9 at 
Yield per tree per tapping: average 17-9 gm. (a 
t 
Means Main effects ; 
Linear 
N r K Linear response Curvature interactions 
° 17°82 | 16°71 | 17°76 N +013 0°07 INxP +026 
I 17°92 | 18:25 | 17°93 P -+2:02%* 1°05 NxK —o0-36 7 
2 | 17°95 | 18°73 | 18-01 K +0725 0:08 | PxK_ +-0°36 19 
a S.E. Lo: } |-o'60 | S.E. {-0°42 Y 
| S.E. +-0°25 35 ‘ 19 
, : ' , , 4) 
produced by the manuring of young rubber without much immediate 
effect upon yield. For instance, the double-nitrogen and phosphate Di 
plots have shown a 35-0 per cent. benefit on girth-increment but only () 
TaB_e 9. Mean Yield Effects as gm. per Tree per Tapping, in Five 
Experiments in the Fifth and Sixth years of Manuring. Average yield 
25°0 gm. 
19 
Means Main effects | : 19 
Linear 19 
N r K Linear response Curvature | interactions 19 
° 24°43 23°86 | 25:07 N +070 | 1°30 INxP |-0°87 4) 
I 25°43 | 25°39 | 24°83 Pp 1°91*® 1°16 NxK_  +0°33 
2 | 25°13 | 25°77 | 25°09 K 0°02 |-0°50 |PxK 0°51 Di 
LT S.E. Lo: Lo: | S.E ; 
S.E. +038 I 0°54 } + 0°93 | S.E. +0°65 
; ; ; ; ad 
a 12°8 per cent. benefit on yield. ‘There is a very considerable time-lag | 
before differences in growth appear with full effect on the yield, for, C 
first, the bark — must develop differences (which may only occur (C 
on renewed bark), and, secondly, this bark must be reached in the cycle | ™ 
of tapping. It is therefore dangerous to await experimental proof of Ms 
economic yield-increases on an area before deciding whether manuring Pa 
should be undertaken, for deterioration will probably have been at work a 
for some years before such proof is afforded by yields. The chain of fF *' 
. . - . ¢ os Ty 
action is: depleted foliage -> slower growth — poorer bark renewal +f 5 
. 7 ‘ . . *-* ( 
reduced yield from tapping such renewed bark, and it is not surprising | '° 
mi 
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that yield effects lag a long time behind the initiation of those changes 
which are ultimately responsible for them. In practice it is important 
to decide upon manuring measures at the first sign of deterioration in 
leaf-canopy. 

Although interactions are hardly to be expected when main effects are 
so small, it may be worth while pointing out that no anomalous yield 
effects have appeared with any particular treatment. ‘The suggestion that 
unbalanced action is undesirable has received no supporting evidence. 

Further tests of the phosphate effect.—Since the first demonstration of 
the importance of phosphate, a number of further tests have been 
undertaken, and in no case have they failed to produce marked responses. 
TABLE 10. Comparison of Three Forms of Phosphate, giving equal P,O, 
at Two Rates, with and without Nitrogen. (6 replicates of 16 treatments) 

Annual girth-increments in cm. for Clone B.D. 5 
(a) Averaging with and without N 


Christmas Double 
No P Cheribon Island superphosphate S.E 
iP 2P Do 2P eg 2P 

1936 . $ S19 8-76 8°77 8-73 5-99 9°46 9°68 | 0O°222 
1937 : : 7°20 $:03 8-33 7°96 $13 $°38 $458 o'162 
1938 : , 4°74 6-21 6°87 S°92 6°54 6:04 6:60 O'194 
1939! ; ; 2°95 3°19 3°35 2‘9! 2°94 2°60 2°76 ae 
4 years . . | 23°08 26°19 27°32 25°32 26°60 20°54 a3°S2 
Difference P ; 311 4°24 2°24 3°52 3°46 4°44 


(6) Averaging single and double dressings of phosphates 


Christmas Double 
No P Cheribon Island superphosphate| S.E. 
O N O N O N O N 

1936 i $40 7°95 8-65 8-88 8°53 919 | 9°34 9°79 | +0°222 
1937 . | 7°09 7°31 | 8-43 792 | 776) 833) S41 8-45 | | o-162 
1938 ‘ 4°76 4°72 6°52 6°56) 5°99 6:26 | 6:28 6°36 | 4-0°194 
1939' ; 2°97 2°93 3°31 3°23 2°94 292 | 22 2°60 o- 
4years . | 23°22 22°94 | 26°91 26°59 | 25:22 | 26°70 | 26°85 27°20 
Difference a 0:28 - 0°32 ane }+-1°48 os |-0°35 


' Tapping started in 1939: this reduced the growth-rate, especially on the most 
advanced plot. 


In a comparison of superphosphate with two forms of raw rock phosphate 
(Cheribon and Christmas Island) on the basis of equal total P,O,, 
measurements were taken every two months because an early answer 
Was important for commercial practice. A period of induction after the 
first application was indicated. Response in stem-growth was delayed 
for several months, the first reaction presumably being in the roots, with 
a temporary deflexion of energy which may even slightly depress stem- 
growth. Superphosphate gave the quickest and best results, but the 
rock phosphates were not a long way behind, establishing their effects 
more slowly, as shown in ‘Table 10. Nitrogen had no effect by itself, 
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but during the first year it counteracted a depressive effect by which the J 
double dressing of phosphate gave less response than the single. Nitrogen f Ve 
also showed a positive interaction with Christmas Island phosphate | of: 
(1°50 cm. better growth in 3 years with nitrogen than without) but none | tha 
of consequence with the other forms. The figures for the fourth year |e! 
are included to show how tapping temporarily upsets the growth figures, 

In a replanting on badly eroded hills with stiff white clay, where the 
former stand of trees had never succeeded well and had been long 
abandoned, phosphate was found to make all the difference between 
complete idnwe and complete success. Neither nitrogen nor potash 
was of importance at first, but nitrogen assumed more importance after 


TaBLE 11. Replanting Experiment 
(a) Average girths in cm. at four years (General mean 26-3 cm.) 


Means Main effects 
Linear Linear 
Rate N r K responses Curvature | interactions 
° 25°O | 21°2 | 26°4 N +3°2%* | N +1°0 | NXP +1°1 
I 260 | 283 | 263 P +8-3% | P —s58** | NxK_ +0°7 
2 28-1 | 29°5 | 26:2 K —o3 K —o1 | PxK —1r1 
SE. 0-48 S.E. +068 | S.E. +1°18 | S.E. +084 
(b) Percentage of sky covered by leaf! (General mean 60:2 per cent.) 
Means Main effects 
Linear | Linear 
Rate N P K responses | Curvature interactions 


© | 47°7 | 36°9 | 60°9 N -+23°8%* | N — 38 | NxP —7%4 

I 61°6 | 66-7 | 61-3 P +40°5** | P —19:2 NxK —3%4 

2 | 736 | 7773 | 533 »~ = ee | K — 30 | PXxXK +08 1a, 
S.E. 43-7 S.E. + 5‘2 | S.E. +. g°I S.E. +64 I, 


' The data for percentage of sky covered by leaf were obtained from a large number Ff . 
of visual estimates made by means of a reflex camera pointed vertically and set upa — ”” 
number of times in each plot, the ground glass screen being ruled in squares, and each 
square of the image separately assessed. + 


two or three years. Accurate measurement of the actual effect was | 5: 
sacrificed by giving a small basal dressing of 1-5 oz. of rock phosphate 
per tree after g months to save the controls from total loss, but as an 
indication of the position it may be stated that phosphate plots (budded f * 
with Tj. 1) reach an average girth of 9-75 in. (at 40 in.) at 34 years from illu 


planting. Plate 11 shows the development at four years in this experi- | 
ment by means of a representative photograph on each plot taken f * 
vertically from the ground between the trees. Girth-figures and f “ 
numerical estimates of proportion of sky covered by leaf are given in Whi 
Table 11 for the same plots. Both girths and foliage showed highly | 'P 
significant responses to the double dressing of nitrogen and the single buc 
dressing of phosphate, but the further response to the second unit of f "° 
phosphate was not significant. nt 


Other tests showed basic slag to give the best results in the first year 
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or so from planting, but this superiority was not maintained. Also, a 
very small dose of phosphate gave the best results at planting; 0-15 oz. 
of citric-soluble P,O; per planting-point gave significantly better results 
than either twice or four times this amount (Curve 1a in Fig. 3). The 
demands of the tree naturally increase very rapidly after its first year. 
The intimate connexion between the magnitude of the phosphate 


10 
cm. 








— i] l 


3 10 
oz. per tree Citric-soluble P20s5 
Fic. 3. Phosphate effect for different ages. 


1a. Earliest effects on stock, 18 months, after planting ‘ . OP growth 13'0 cm. 
1. ‘Tj. 1, manured from planting, 3 years’ effect from budding . “ iss 5, 
2. Tj. 1, manured 1} years from budding, effect in first 3 years 





of manuring : . ‘ ‘ ‘ ‘ ‘ ss IOS: x, 
3. B.D. 5, manured 1? years from budding, effect in first 3 

years of manuring . ‘ < : . i 20°0 ,, 
4. B.D. 5, manured 3} years from budding, effect in first 3 

years of manuring . ‘ . A ‘ ‘ “~ 20°2 x 
5. Av. 49 and 50, manured at maturity, effect in first 3 years of 

manuring ‘ - 27 x 


response and the age of the trees when treatment is started is well 
illustrated in Fig. 3, which brings together a number of independent 
results. In all cases except the dotted line 1a, the result of three years’ 
action with annual manuring is plotted against the total amount of 
citric-soluble P,O,; given, taking into consideration those applications 
which have had time to contribute their effects. Curve 1 refers to the 
teplanting experiment and shows the response for the first 3 years after 
budding of a stand of Tj. 1, manured from first planting. "This case is 
hot strictly comparable to the others, as the soil is not virgin, and the 
controls had received a small basic dressing of phosphate at g months 
to save them from complete failure. 








W. B. HAINES AND E. M. CROWTHER 


Curve 1(a) in dotted line refers to stock growth for 18 months from 
planting in the same area as 1. Curves 2 and 3 represent two extreme 
cases in the main group of experiments, Clones Tj. 1 and B.D. 5, 
respectively, first manured 1? years after budding. Curve 4 covers the 
data of Table 10 and refers to the same clone in the same field as 
curve 3. But manuring started 18 months later than for 3 (in the year of 
maximum growth) and the response is diminished by nearly ‘missing the 
tide.’ Curve 5 represents the average growth of the mature trees manured 
at 5 or 6 years after budding. 

rhe conclusion clearly is that the major growth-effect from phosphate 
is to be reaped only during the immature stages. The effect is best 
initiated at planting with very restrained dosage, but a rapid increase 
should be made at a year from budding. During the next 2 or 3 years 
a dosage even greater than the double dressing used in the experiments 
would seem to be fully economic. 
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BREEDING POLICY IN RELATION TO PERFORMANCE- 
TESTING OF PIGS! 


H. P. DONALD 
(Institute of Animal Genetics, University of Edinburgh) 


LITTER-TESTING stations operate on the now well-founded assumption 
that heritable differences can be detected in the performances of litters 
within a breed. If numerous genes are involved, the free assortment of 
which is not markedly limited by linkage, or chromosome-structure, the 
task of detecting superior performance attributable to superior ‘germ- 
plasm’ is a difficult one for pig-testing stations unless there exist in a 
given district families or strains of animals characterized as a whole by 
certain levels of performance. Such families or strains should be relatively 
homogeneous for a proportion of their genes affecting performance, and 
thus relatively reliable in breeding. ‘Their existence, however, depends 
on the mating systems employed by breeders, and the degree of isolation 
of local groups of breeding animals from others. The same factors 
affect the usefulness of sires and dams of proved worth from the point 
of view of breed-improvement. 

As a rough guide to the mating systems employed in Great Britain, 
a study has been made of the sale catalogues of 33 prominent breeders of 
Large Whites. These catalogues contained details of the breeding of 
1,900 gilts and 365 boars offered for sale in the first six months of 1939, 
but of course contain no information about pigs sold privately or retained 
for home use. The breeding of each lot for sale is described, going usually 
as far back as the g.g.—or g.g.g.—dam on the dam’s side. The accom- 
panying diagram shows the ancestors which are generally named, others 
if needed, being obtainable from the herd books. 


GS GD GS GD 


LOT 


Diagram showing details of pedigree accompanying pigs offered for sale. The 
dotted portions are usually omitted unless especially noteworthy. The emphasis is 
on the maternal side of both sire and dam’s pedigrees. 


The purpose being to study the extent to which herds are isolated from 
one another in the genetic sense, each lot was classified according as its 
sire and dam were home-bred or not. Possession of the herd prefix was 

' Read at the Seventh International Genetical Congress, Edinburgh, August, 1939. 
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regarded as meaning home-bred, although the custom of buying in-pig 
gilts rather widens the term. The results of the classification can be 
seen in Table 1, which also shows the average number of boars and gilts 
sold from each litter represented by at least one pig. The data for boars 
and gilts overlap to an undetermined extent, so that the figures in one 
part of the table cannot be added to those in the other. 


TABLE 1. Breeding of Pigs offered for Sale by 33 Herds 


GILTS 
One or both parents home-bred Neither 
: : parent 
Both | Sire alone Dam alone home-bred Total 
No. of gilts : ; - | sar 307 675 577 1,900 
No. of litters. y - | 90 127 289 247 813 
No. of gilts per litter ‘ a2 2°42 2°34 2°34 2°34 
No. of gilts as per cent. of 
total . : ; . 17°9 16-2 35°5 30°4 100 
BOARS 
No. of boars. ‘ : 65 49 137 114 365 
No. of litters. , ‘ 41 30 85 72 228 
No. of boars per litter , 1°59 1°63 1°61 1°58 160 
No. of boars as per cent. of 
total . ‘ ; ; 178 13°4 47° 312 100 


According to these figures, about one-third of the pigs offered were 
produced from parents both of which were obtained from other breeders. 
Home-bred dams have produced only about half the number sold (com- 
bining those with both parents home-bred with those with only dams 
home-bred), whilst home-bred sires account for about one-third. 

The number of pigs offered from each litter appears to have been 
fairly constant in the various groups, and owing to private sales is 

robably greater than that shown. Rather more than two gilts from each 
itter were selected for sale, so that on the average about the same 
number would be otherwise disposed of from litters of 8-9 pigs. Some 
litters are, however, sold almost in toto. The selection of boars is more 
severe as indicated by the lower average of 1-6 per litter. 

As presented in Table 1, the figures obscure the fact that the breeding 
— adopted vary widely from one herd to another. ‘To illustrate 
this point, Table 2 has been constructed to show the distribution of the 
herds according to the percentage of gilts and boars falling into three 
categories based on the origin of their parents. 

Thus in 7 of the 33 Ain selling gilts, no home-bred sire was used; 
in another 7 herds, up to 25 per cent. of the gilts were by home- 
bred sires, and so on. The degree of dependence on home-bred stock 
clearly varies within the widest limits. Although a number of herds did 
not use any home-bred sires, none of the 33 concerned dispensed en- 
tirely with home-bred dams. 

Little can be inferred from the differences in the distributions for 
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boars and gilts owing to the small number of herds. In general, they 
seem to be much alike, with the possible exception that boars by home- 
bred sires are less commonly offered than gilts by home-bred sires. 


TABLE 2. Distribution of Herds according to the Percentage of Pigs falling 
into Three Categories based on the Breeding of Sires and Dams 


Total no. 


Percentage o I-25 | 26-50 | 51-75 | 76-100 | of herds 
Gilts: 
Sires home-bred : : 7 Fj 10 5 4 33 
Dams home-bred . : I 6 8 14 4 33 
Neither sire nor dam home- 
bred . ; : : 3 13 10 4 3 33 
Boars: 
Sires home-bred : ; 10 8 5 3 4 3 
Dams home-bred ‘ I 3 II 6 9 30 
Neither sire nor dam home- 
bred . F : ; 6 8 10 3 3 30 


The foregoing simple classification of sires and dams is open to the 
serious objection that animals regarded as not home-bred could be 
the progeny of home-bred animals introduced into other herds. ‘This 
objection can be met by going farther back into the pedigrees and con- 
sidering the sources from which the grandparents were drawn. ‘This has 
been done for the boars with the results shown in Table 3. 


TaBLe 3. Distribution of Grandsires and Granddams according as they 
and the Sires and Dams were Home-bred or not 


Sire and dam Sire alone Dam alone Neither sire nor 
Gti both home-bred home-bred home-bred dam home-bred Total | Per cent. 
7.-sires = 


and Not Not Not Not Not Not 
G.-dams: HB HB HB HB HB HB HB HB |HB\ HB\|HB'|HB 


Paternal: | 
G-S 23(5) | 42(14) 20(5) | 29(11)| 9 (2) | 128(26)| 6(2)| 108 (28)| 58) 307) 16 | 84 
G-D 24(8) | 41 (15) | 22 (10) | 27 (8) 7 (3) | 130 (26) | 14 (4)| 100 (26)| 67) 298| 18 | 82 


Maternal: | | 


| | 
G-S | 18(9) | 47(15), 3 (2) | 46(14)| 23(7)_| 114 (22)| 5 (3)| 109 (27)! 49| 316| 13 | 87 
G-D 33 (13) | 32 (12)| 5 (2) | 44 (13)| 92 (21)| 45 (20) | 13 (6) | 101 (24)| 143] 222] 39 | 61 


No. of 

boars 65 (18%) 49 (13%) 137(38 %) | 114 (31%) 

HB = home-bred. Figures in brackets show the number of herds accounting for the preceding 
number of grandparents. 

Of the 65 boars which were classed as having both parents home- 
bred, the majority had grandparents which were not home-bred. Since 
the number of herds using home-bred sires by home-bred sires (5) is 
only a small proportion of the 30 herds studied, it appears that most 
breeders avoid using such a system of breeding. The use of home-bred 
dams out of home-bred dams is more common, but still accounts for 
only half the number (33 out of 65). Maternal grandsires are also most 
frequently obtained elsewhere. 
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In the next class, where the sire but not the dam is home-bred, a 
greater proportion of the paternal grandparents was home-bred than in 
the preceding class, but somewhat less than half. Very few of the dams 
had parents carrying the herd prefix. 

The largest class of boars came from home-bred dams. About two- 
thirds of these dams were out of home-bred dams, but only a fifth had 
home-bred sires. With few exceptions neither of the paternal grand- 
parents was home-bred. 

The next largest class came of non-home-bred parents, and, in the 
great majority of the herds producing them, these parents had no recent 
connexion with the stocks to which they were introduced. Very few of 
any of the four kinds of grandparents were home-bred. 

To summarize the position, the columns to the right of ‘Table 3 have 
been calculated. They show that the percentage of home-bred grand- 
parents is less than 20 per cent. in each case except that of the maternal 
granddam, which carried the herd prefix in 39 per cent. of the pedigrees. 
It will be observed that the first two classes of boars had home-bred 
sires, and that, considering the nature of the data, there is fair agree- 
ment in the two sets of figures for the origins of the paternal grandparents. 
Similarly, in the last two classes in which the sire was not home-bred, 
and in other pairs, the agreement is good. This being so, the classes may 
be combined to yield the following comparisons: 


| Home-bred | “Not home-bred 


mat G-S 43 7 
. Home-bred G-D 46 68 
Sires (G-S 6 
3 /G-t 15 23 
Not home bred) G_p 21 230 
pea (GS | « | 61 
Home-bred \G-D 125 77 

Dams Cs 8 
_4{G- | 155 
Not home-bred | G_f 18 145 


These figures support those previously presented in giving a general 

icture of a high rate of introduction of new blood. Breeders appear to 
os frequently acquiring fresh stock, for the most part unrelated to their 
existing animals, and for this practice there are no doubtvery good reasons. 
Close breeding, for instance, appears to be strictly avoided. It seems 
doubtful, however, whether it alone could account for all the exchanges of 
stock, especially females. ‘The emphasis placed on relationship to prize- 
winning animals suggests that it pays to keep breeding herds related to 
successful show stock. The wide variations in the degree of dependence 
on home-bred stock, however, makes it misleading to generalize, for it 
seems clear that all herds do not have the same aims. Some aim at con- 
structive breeding leading to showyard eminence and the subsequent 
distribution of stock to another type of herd which multiplies such stock 


and distributes it to other herds lower in the hierarchy. Such types are, | 
of course, not clearly separated from each other, especially, perhaps, | 
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where the density of the pig population is low, and the clientele 
small. 

Now it is not at all certain that those herds in which organized sales are 
held constitute a representative sample of all breeding herds; but if they 
do, they indicate a continued use of newbloodand a relatively low breeding 

value set upon home-bred stock, which, whatever the reasons may be, are 
facts that have to be considered when estimating the improvement likely 
to follow the setting up of performance-testing facilities, or, indeed, 
the efforts of really constructive breeders. Unless there is a sufficient 
number of constructive breeders to ensure that genetically superior 
strains of pigs can be established and maintained, the process of grading- 
up a pig population is likely to be very slow. The days of small local 
groups of animals easily influenced by the efforts of a single breeder have 
been ended by progress in transport, and with them apparently the 
development of new breeds suitable to local conditions. Alteration of 
the genetic constitution of populations numbered in millions will there- 
fore need a correspondingly large effort. It is an interesting question 
whether refined and expensive performance-tests available to a limited 
number of breeders can be effective without an accompanying system 
of breeding and distributing animals from élite strains in sufficient 
numbers to influence the general population. 


Summary 


As a rough guide to the breeding-methods adopted by breeders of 
pedigree Large White pigs in Great Britain, an examination was made of 
the pedigrees of 365 boars and 1,g00 gilts offered for sale and described 
in - catalogues of 33 prominent herds. 

Approximately one-third of the sires and half the dams of the pigs 
ollered were home-bred. About 18 per cent. of the pigs had parents 
both of which were home-bred, whilst 30 per cent. had parents neither 
of which was home-bred (Table 1 I). 

3. The degree to which home-bred sires and dams are used varies 
diltin very wide limits among the herds considered (Table 2). 

4. The buying-in of breeding stock having recent connexion with the 
herd does not appear to be practised extensively. 

The high rate of introduction of fresh blood shown by these figures 
m4 a bearing (which is briefly discussed) on the possibilities of finding 
and utilizing the strains of superior performance which litter-testing 
stations are expected to discover. 


(Received February 7, 1940) 








A METHOD OF ASSAYING GENETIC DIFFERENCES IN 
THE ADAPTABILITY OF CATTLE TO TROPICAL AND 
SUBTROPICAL CLIMATES! 


ALBERT O. RHOAD 
(United States Department of Agriculture, Jeanerette, Louisiana) 


THE methods of mating employed by the progressive breeders in estab- 
lishing specialized breeds of farm animals have been studied, analysed, 
and formulated in the light of modern genetic concepts, greatly facili- 
tating thereby the drawing up of breeding plans for the further improve- 
ment of live stock. Concurrently, through the study of the requirements of 
farm animals for energy, nutrients, minerals, and vitamins, methods of 
formulating rations have been evolved that satisfy, within a relatively 
small degree of error, the nutritional requirements of live stock. It may 
be considered trite, therefore, to say that the present balanced form and 
high efficiency of many of the breeds are the culminated results of 
breeding with a science, feeding with a science, and controlling diseases 
through a third science. Yet when it is desired to introduce a breed 
into a new environment, the selection of the breed at best is made on 
the basis of comparing the more evident ecological conditions under 
which the breed evolved with the conditions under which it is to be 
placed. Frequently, in the past, too little consideration has been given 
to the environment of the place of origin. In either case the test of 
adaptability of a breed to a new environment has been on a trial-and- 
error basis. 

This has been especially true in the Americas, where the farm animals 
almost without exception originated in other continents and for several 
centuries a process of trial and error has been going on, adjusting 
classes and breeds to various physical and climatic environments, nutri- 
tional planes, and economic structures. Although still in the process 
of adjustment and adaptation there is already evident across the Ameri- 
cas, as pointed out by Hammond [1], a distribution of domestic types 
and breeds as their areas of greatest usefulness have become more and 
more defined. 

In the tropical and subtropical zones the usefulness of the improved 
breeds of cattle is in a large way limited by their capability to withstand 
the deleterious effects of a tropical climate. That high atmospheric 
temperatures, one factor of the tropical climate, affect the physiology 
and therefore the function of cattle has been demonstrated by Regan 
and Richardson [2]. These investigators have shown that temperatures 
above 70° F. not only reduce mil gue but materially change 
the chemical composition of the milk, making it less suitable for con- 
sumption. These authors also report a breed-difference within European 
cattle to withstand high external temperatures. That there is a species- 


? Read at the Seventh International Genetical Congress, Edinburgh, August, 1939. 
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GENETIC DIFFERENCES IN ADAPTABILITY OF CATTLE ror 
difference in the effect of high external temperatures has been demon- 
strated by Rhoad [3] in Brazil. External temperatures above 23° C. 
greatly increase the metabolism of European cattle and only slightly 
that of Brahman (Zebu) cattle. 

However, the isolated study of one factor is not sufficient, as an 
animal responds to the entire complex effect of the interrelated factors 
of the environment. In this connexion Ritzman and Benedict [4] have 
shown that, during the season of increased tissue-stimulus, which co- 
incides with the summer months, the basal metabolism of dairy and beef 
cattle is significantly increased over the autumn and winter months of 
the year. ‘They associate this with the high temperatures and increased 
solar radiation during summer months. Rhoad [5] has shown that re- 
sistance to high temperatures and intense solar radiation, separately 
and in combination, shows partial dominance in the F,; generation 
when Brahman (Zebu) cattle are crossed with European cattle. 

In view of the various attempts now being made to develop through 
cross-breeding new breeds of dairy and beef cattle in which adaptability 
to a tropical climate is equally as important as milking capacity and 
superior beef production, any experimental tool that might be designed 
that would measure the adaptability of the parental and cross-bred 
strains to these conditions should find a place in the experimental 
breeding-programme, for it would eliminate much of the long waiting 
necessary in the trial-and-error method of determining adaptability. 

Such a tool has been found in the metabolism laboratory of the nutri- 
tionist. The measurement of water-expenditure and of heat-disposal as 
influenced by external factors offers a practical means of assay. 

Recognizing the importance of water-expenditure in the geographic 
distribution of the terrestial fauna, and based on the known facts of 
heat-disposal, experiments were begun in the summer of 1938 to find 
a practical test that would measure, under field-laboratory conditions, 
the relative efficiency of water-expenditure and of heat-disposal be- 
tween genetic types of cattle. These experiments were carried out at 
the Iberia Livestock Experiment Farm, Jeanerette, Louisiana, where the 
United States Department of Agriculture is developing several strains 
of beef cattle suitable for the subtropical conditions of the low-lying 
Gulf Coast region. At Jeanerette, cross-breeding programmes, using 
Guzerat Brahman with Aberdeen Angus cattle, as well as Africkaner 
with Aberdeen Angus cattle, are being carried out. Also a breeding 
programme with Santa Gertrudis cattle, a Brahman-Shorthorn cross- 
bred strain developed in south-east Texas, is being followed. 


Materials and Methods 

The animals used in this study were selected at random from the 
beef-cattle herd of the Iberia Livestock Experiment Farm. One adult 
cow in medium flesh was selected from each of the genetic types avail- 
able in the Angus-Brahman cross. These were a pure-bred Aberdeen 
Angus, a quarter-bred Angus-Brahman (? Angus, } Brahman), a half- 
bred Angus Brahman, and a pure-bred Brahman. (The pure-bred 
Brahman animal was the property of the Louisiana State University.) 
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The experimental animals were placed in a separate pasture offering 
ample grazing. A simple shed, open to the south and with shutter 
windows on all sides, was available for shade and shelter. ‘This shed 
was also used as a laboratory. 

In order that tests might be made under field-laboratory conditions, 
the highly complex methods of the quantitative determination of water- 
expenditure and of heat-disposal in cattle as followed in the metabolism 
laboratories were modified to tests that would measure the relative 
efficiency between genetic types. 

During the season of 1938 these tests consisted: (1) in observing the 
respiratory rate as an index to the rate of water-vaporization through 
the lungs; (2) in determining the transpiration of water through certain 
areas of the skin as an index to the rate of vaporization of moisture 
from the skin; (3) in determining the nitrogen concentration of the 
urine as an index to water-expenditure through the kidneys; (4) in 
determining the moisture-content of the faeces as an index to water- 
expenditure through the excrement; and (5) in the taking of rectal 
temperatures as an index to the efficiency of heat-disposal. 

In 1938 the tests were made at various times during the months of 
July, August, September, and October under varying and uncontrolled 
climatic conditions, although an effort was made to select only days of 
calm weather. Tests were made in the shade and also in the sun. 
When observations were to be made in the shade the animals were 
herded shortly after sunrise into the shed previously referred to and 
tied in their respective places. When observations were to be made in 
the sun the group was moved 12 ft. from the shed and tied to posts 
that formed part of the fence of the above-mentioned pasture. ‘Test- 
periods ranged from 1 to 10} hours with an average of 3 hours. ‘The 
animals were permitted to lie down or stand at will. Water at atmo- 
spheric temperature was available at all times. 

The respiratory rate was obtained by observing flank movements and 
was timed with a stop-watch. While the respiratory rate was being 
observed a clinical thermometer was placed in the rectum to obtain 
body-temperature. The respiratory rate and body-temperature were 
obtained every half hour, on each animal, during test-periods. Atmo- 
spheric temperatures and relative humidity were also recorded at the 
same half-hour intervals. The transpiration of water through the skin 
was determined according to the method of Freeborn, Regan, and 
Berry [6], using inverted Petri dishes to the bottoms of which was 
fastened blotting paper impregnated with calcium chloride. In this 
study two 10 cm. dishes were placed over closely clipped areas, one in 
the region of the back and the other in the region over the ribs and 
held tightly to the skin with a simple harness. The amount of moisture 
transpired by the area under the dishes during one hour was determined 
and recorded for each animal. The nitrogen concentration of the urine 
was determined by the hypobromite method. By gently brushing 
around the region of the vulva of experimental animals a reflex was 
started that emptied the bladder, so enabling the collection of urine 
from each animal at regular intervals during the test periods. The 
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moisture-content of the faeces was determined by drying about 150-gm. 
samples in an oven to a constant weight. 

All data were statistically treated following Fisher’s methods for the 
analysis of variance. 
RESULTS 
RESPIRATIONS PER MINUTE 
TaBLE 1. Mean Rate of Respiration at Various Shade Temperatures with 
the Experimental Animals held in the Shade (Respirations per minute) 


Shade Pure-bred | 7 Angus- | } Angus- | Pure-bred Total Value 
temp. ° F. Angus } Brahman } Brahman’| Brahman df F 
86-95 88-9 88-0 44'8 ca | 175 244°5 
76-35 67°6 44°4 31°8 25°5 303 263°0 
66-75 50°3 28-4 26°7 2273 163 22°5 
56-65 34°0 23°5 20°8 Ig'I 67 13°9 
46-55 20°2 rs°3 11°6 ‘27 43 38 


Within each of the four genetic types there is a regular increase in 
rate of respiration from the lower to the higher shade temperatures. 
The rate of increase is greatest in the pure-bred Aberdeen Angus and 
least in the pure-bred Brahman. Between genetic types the F' values 
indicate that the differences between the means are highly significant for 
temperatures above the 60° F. class. In the 50° F. class the differences 
are significant within 5 per cent. random probability only. 

The extent to which the rate of respiration is influenced by direct 
sun rays acting upon the animals is evident in Table 2. 


TABLE 2. Mean Respiratory Rate at Shade Temperatures with the Cows 
held in the Shade and also in the Sun (Respirations per minute) 


Shade Cows | Pure-bred| ? Angus- | } Angus- | Pure-bred| Total Value 
temp.° F.| held in Angus j} Brahman} Brahman Brahman df F 

86-95 sun 102°2 105°4 55'1 36°8 299 183°9 

shade 88-9 88-0 44'8 22°9 175 244°5 

76-85 sun 88-3 74°2 : i fe 28°7 75 61°4 

shade 67°6 44°4 31°8 25°5 303 263°0 


The greatest differences are again found within the Aberdeen Angus 
and three-quarter bred, and although the differences within the half- 
bred and pure-bred Brahman are small they are highly significant statis- 
tically (F values, 19:4 and 37:5 for half-bred and Brahman respectively 
at 76-85° F. and 17-8 and 10-2 at 86-95° F.) 

That the number of respirations per minute of the Aberdeen Angus 
cow did not surpass that of the three-quarter bred while held in the sun, 
in the go° F. class, was due to panting which lowered the rate but in- 
creased the depth of breathing. With normal breathing, Kleiber and 
Regan [7] have shown that with increasing environmental temperatures 
there is a decrease in depth of respiration, although the rate is increased, 
thereby permitting maximum vaporization of water without causing 
excessive alveolar ventilation. 
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RATE OF WATER VAPORIZATION FROM THE SKIN 


TABLE 3. Mean Weight of Water transpired in one hour over the Combined 
Area of two 10 cm. Petri dishes, One placed on the Back and One on the 
Side of the Experimental Animals 


Shade Pure-bred | 3 Angus- | } Angus- | Pure-bred Total Value 
temp. ° F. Angus |} Brahman| } Brahman| Brahman | df F 
86-95 96°5 111°6 | 183°4 176°2 gI 20°79 
76-85 79°5 87°6 129°7 1124 | 99 6°54 
66-75 55°0 50°5 75°2 356 | 31 12°24 
46-65 31°0 35°3 33°! 28°5 23 2°06 


Within each of the four genetic types represented there is a regular 
and significant increase in the amount of water vaporized through the 
skin as the atmospheric temperatures increase above the region of 
thermal neutrality of cattle. Between genetic types the values for F 
indicate highly significant differences of mean transpiration above the 
70° F. class. Below the 70° F. class the value of F indicates that the 
differences between the genetic types are not significant. 

The mean values increase from the Aberdeen Angus to the highest 
with the half-bred Angus-Brahman. The mean values for the pure-bred 
Brahman, although lower than the half-bred, do not indicate a lesser 
capacity to perspire, but rather that the atmospheric temperatures were 
not sufficiently high to indicate its maximum capacity. This is evident 
in the fact that the highest transpiration values of individual items 
occurred in the range for the Brahman animal. This was expected in 
view of the findings of Yamane and Ono [8], who have shown that the 
sebaceous glands of the adult Indian Zebu are more numerous (3,181 
per sq. cm.) than in adult cattle (2,253 per sq. cm.) of Dutch origin. 


CONCENTRATION OF URINE 
TABLE 4. Mean Values of the Nitrogen Concentration of Urine (per cent.) 


Shade Pure-bred | 3 Angus- | } Angus- | Pure-bred| Total | Value 
temp. ° F. Angus } Brahman } Brahman| Brahman | df F 
86-95 0°30 0°68 1:08 1°43 | 115 24°12 
76-85 o'4I 076 1°21 1740 36| 135 23°79 
66-75 o’4I 0°94 1°16 I°4I | 43 11°84 
46-65 0°57 0°88 1°16 1°34 47 16°46 


The urine concentration of the pure-bred and three-quarter-bred 
Aberdeen Angus decreases from the cooler to the warmer atmospheric 
temperatures, whereas with the half-bred and pure-bred Brahman the 
concentration remains more or less constant at the temperature-range 
recorded. On the other hand, between genetic types the F values indi- 
cate highly significant differences of mean concentration within the 
temperature-range of this study. The concentration of urine follows in 
the order of the amount of Aberdeen Angus breeding in the animals, 
being the least concentrated in the pure-bred Aberdeen Angus and the 
most in the pure-bred Brahman. ‘The pigmentation of the urine also 
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followed in the same order, the pigmentation of the urine from the 
Aberdeen Angus being the least intense. 


PERCENTAGE MOISTURE IN THE FAECES 
TABLE 5. (Mean Values for the Percentage of Motsture in the Faeces 
(per cent.) 


Shade Pure-bred | 3? Angus- | } Angus- | Pure-bred Total Value 
temp. ° F. Angus |} Brahman |} Brahman, Brahman df F 
86-95 86°44 85°56 86°32 86°65 93 1°41 
76-85 85°93 84°68 86°53 87°07 72 4°52 
66-75 84°11 83°10 84°14 83°41 43 2°73 
46-65 84°94 83°48 85°08 83°62 19 5°40 


Between genetic types the F values indicate no significant or only 
slightly significant differences in the percentage of moisture in the 
faeces at each temperature-class. 

On the other hand, highly significant differences are found within 
each genetic type in the percentage of moisture in the faeces dropped 
at atmospheric temperatures above the 70° F. and below the 70° F. 
class. 


TABLE 6. Mean Values for the Percentage of Moisture in Faeces dropped 
at Atmospheric Temperatures above and below 70° F. (per cent.) 


Shade Pure-bred 2 Angus- | # Angus- Pure-bred 
temp. ° F. Angus } Brahman | 3} Brahman Brahman 
Above 70 86:22 85°17 86°41 | 86°83 
Below 70 84°35 83°22 | 84°43 83°48 
Total df 58 55 65 49 
Value F 12°30 8-11 | 5°90 | 22°82 


The denser nature of the faeces of cattle during cool weather while on 


pasture without supplementary feeding is a common observation of the 
husbandman. 


RECTAL TEMPERATURES 


Important as is water economy in the adaptability of cattle to thermal 
environments and regulation of body-temperature, the vaporization of 
water through the lungs and skin accounts for rather less than 50 per 
cent. of heat- loss as latent heat of water-vapour. Within the region of 
thermal neutrality, radiation and conduction account for the greater 
portion of heat- loss. As pointed out by Forbes and co-workers [9], 
however, the percentage of heat-emission as latent heat of water- -vapour 
increases with the increase in atmospheric temperatures, and, con- 
versely, the percentage of heat-loss by radiation and conduction de- 
creases with increased external temperatures. 

A study, therefore, of body- -temperatures would indicate the efficiency 
of the combined effe cts of vaporization, radiation, and conduction in 
regulating body-temperature above the region of thermal neutrality. 
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heat. 


TABLE 7. 
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Accordingly, rectal temperature readings were made on each of the 
genetic types as an index to their efficiency in disposing of excess body- 


Mean Rectal Temperatures at Various Shade Temperatures 
with Experimental Animals held in the Shade (°F.) 


Shade Pure-bred | } Angus- | } Angus- | Pure-bred Total Value 
temp. Angus } Brahman } Brahman Brahman df F (rows) 
86-95 102°8 IOI'9 100°9 IOI‘O 175 116°75 
76-85 1O01°7 IOI"4 IOI‘O IOI‘O 303 31°92 
66-75 100°4 100°7 100°6 100°7 163 4°75 
56-65 999 100°8 100°6 100°I 67 10°73 
46-55 99°7 IOI‘O 100°5 99°2 43 5°43 
Value F IOI'SI 31°68 12°69 52°00 

(columns) 


As atmospheric temperatures increase above 50° F. there is a general 
and significant increase in rectal temperatures within each genetic type. 
This is most evident with the pure-bred Aberdeen Angus. ‘The differ- 
ences in mean rectal temperatures between genetic types in the environ- 
mental temperature-range of this study are also highly significant. 

Imparting heat to the animal body through exposure to direct sun 
rays caused an added burden on the processes of heat-disposal which 
is reflected in the increased rectal temperatures of the experimental 
animals when held in the sun. Table 8 gives the mean rectal temperatures 
with the animals held in the shade and also exposed to direct solar 
radiation. 


Tas_e 8. Mean Rectal Temperatures with Cows in the Shade and in the 
Sun (°F.) 


Shade Cows | Pure-bred 7 Angus- | } Angus- | Pure-bred| Total Value 
temp. held in Angus §} Brahman} Brahman Brahman df F 
86-95 sun 104°0 103°4 101°8 101°3 299 128°88 
shade 102°8 1019 100°9 IOI‘O 175 116°57 
Value F 8-11 72°35 142°23 26°66 => 
(columns) 
76-85 sun 102°4 1019 IOI’! 1OI'I 75 25°24 
shade 101°7 1O1"4 IOI‘O 101° 303 31°92 
Value F 14°68 19°81 3°67 2°45 oe 


(columns) 


The F values indicate that at 80° F. in the shade the pure-bred 
Aberdeen Angus and the three-quarter-bred Angus were significantly 
influenced, whilst the half-bred and pure-bred Brahman were not sig- 
nificantly affected by exposure to direct sun rays. At go° F., however, 
the body-temperature ck genetic type was significantly influenced 


by direct solar radiation although the differences with the half-bred 
and pure-bred Brahman were only slight. This is further emphasized 
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in Fig. 1, which shows the course of body-temperatures for each genetic 
type in one of the severest tests of the experiment. 


ie. 5 Angus , Brahman 
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Fic. 1. Course of body-temperatures with experimental animals exposed to direct 
sun rays on a clear calm summer day. Jeanerette, La. August 17, 1938. 


Conclusions 

An experimental method for assaying genetic differences in the adap- 
tability of cattle to tropical and subtropical climatic conditions has been 
described. 

Employing the method on Aberdeen Angus and Brahman cattle and 
their cross-bred types, it has been experimentally determined that the 
pure-bred and three-quarter-bred Aberdeen Angus are not physio- 
logically adapted to the high temperatures and intense solar radiations 
characteristic of tropical climates. ‘This is shown by their incapacity to 
prevent a febrile condition from developing when placed in a tropical 
environment. On the other hand, the efficiency with which the pure- 
bred and half-bred Brahman regulate body-temperature in the same 
environment is evidence that tropical climatic conditions are within 
the range of thermal neutrality for these cattle, which may therefore be 
considered as physiologically adapted to a tropical environment. 

The differences in the physiological response of these cattle to 
tropical climatic conditions are genetic in origin. 

As a guide in planning the breeding-programme, of which the animals 
of this study are a part, it is evident from a study of Tables 1 to 8 and 
Fig. 1 that a second backcross to the Aberdeen Angus would produce a 
genetic type so little adapted to tropical conditions that to make the 
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cross and wait several years to observe the adaptability of the offspring 
would be wasting valuable time in the development of the strain. 

The methods of this experiment may also be applied to the selection 
of segregates from inter se cross-bred matings for placement in the 
breeding herds. 
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THE SYMPTOMS AND DIAGNOSIS OF MINOR-ELEMENT 
DEFICIENCIES IN AGRICULTURAL AND HORTICULTURAL 
CROPS 


Pr. II. COPPER. ZINC. MOLYBDENUM 
C. S. PIPER 
(Waite Agricultural Research Institute, University of Adelaide, South Australia) 
Wirth PLATE 12 


Copper Deficiency—Owing to the widespread distribution of copper 
and the small quantities involved, its essential nature for plant-growth 
was long in being recognized. Some of the earliest references to the 
beneficial effects of copper are those of Lutman [58], who, in rg11, 
reported increases in the yields of potatoes by the use of copper sprays, 
even when no fungus disease was present, and Floyd (1913-17) [59, 
60], who recommended applications of copper salts for the control of 
‘dieback’ in citrus. Densch and Hunnius [61] also obtained increases 
in the yields of many crops growing on low-moor soils, although they do 
not comment on the appearance of any unusual symptoms in the control 
plots. Asa result of this work, Hudig, Meyer, and Goodyk [62] tried 
the effect of copper on similar soils in Holland and found that it was 
beneficial in overcoming the ‘reclamation disease’ that occurred on many 
of these soils. : 

Most of the earlier water-culture experiments were concerned with 
the toxic effects of copper salts, but in 1931 Sommer [63] established 
the essential nature of copper for the growth of sunflowers, tomatoes, 
and flax. ‘The addition of copper to the nutrient solutions in which 
these plants were grown produced increases in growth, although no 
specific disease-symptoms were noted for plants grown in its absence. 
It remained for Brandenburg [64] to show, in 1933, that the symptoms 
produced in oats when grown in nutrient solutions in the absence of 
copper corresponded with those of ‘reclamation disease’. Van Schreven 
63} has also reproduced copper-deficiency symptoms in oats and sugar- 

eet growing in nutrient solutions devoid of copper. 

For convenience in description, two groups of copper-deficiency 
diseases may be recognized. ‘The first group comprises those diseases 
affecting fruit trees and referred to as ‘dieback’ or ‘exanthema’ of citrus, 
olives, prunes, plums, apples, pears, and other deciduous fruits. ‘These 
diseases are widely distributed and have been described by numerous 
writers [60, 66, 67, 68]. 

The second group is made up of those copper-deficiency diseases 
covered by the term ‘reclamation disease’, the symptoms of which were 
first noted for a wide range of crops growing on the copper-deficient 
heath-soils of north-west Europe. This disease is also known as ‘Urbar- 
machungskrankheit’ , ‘Heidemoorkrankheit’ , ‘Ontginningsziekte’, ‘Gulspids’, 
‘Yellow tip’ and ‘wither tip’, the last two names being descriptive of 
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some of the symptoms produced in cereals. ‘The characteristic symp- 
toms have been described for many plants by Hudig, Meyer, and 
Goodyk [62], Rademacher [69], and Jorgensen [51]. 

[xanthema of fruit trees is a disease of the growing tissue and many 
of its effects are most noticeable in those parts of the trees making rapid 
growth. ‘lhe terminal and subterminal branches, the leaves and fruit 
are affected. In citrus the first signs generally develop with the flush 
of new growth. ‘The leaves frequently become abnormally large and 
dark green, whilst new branches make angular or distorted growth and 
sometimes develop an S-shaped curvature. ‘The bark of the terminal 
branches becomes stained with a dark-brown gum-like material and 
the shoots gradually turn yellow and die. Blister-like gum_ pockets 
between the wood and the bark and multiple-bud formation are also 
characteristic of the disease. In some instances the multiple buds will 
develop into branches giving a bushy rosette-like growth. ‘The fruit is 
affected, the skin being marked with irregular gum-soaked areas which 
cause hardening and cracking. ‘The affected fruit frequently splits and 
drops. When the disease is severe, dieback of the tree may be so exten- 
sive that little fruit is left. 

In prunes, copper-deficiency restricts growth considerably and the 
trees are small and underdeveloped. Vigorous spring growth is pro- 
duced, but after a time the terminal buds wither and fall out and the 
terminal leaves turn a yellowish colour. Later growth, if formed, dies 
back in much the same manner. Eruptions of the bark and swollen 
and multiple buds occur as in citrus. 

In plums, peaches, and apricots, the leaves develop pale green to 
bright yellow areas between the veins, although the extent of the leaf- 
markings varies considerably with species. More general is the serious 
rosetting, resulting in the cessation of terminal growth. Multiple buds 
are also common. The affected branches eventually die back from the 
tips and little or no fruit is produced. 

‘Reclamation disease’ produces very characteristic and easily recog- 
nizable symptoms in oats. In general the plants make fairly normal or 
only slightly restricted growth for the first few weeks, but with the 
approach of spring typical symptoms appear. The leaves frequently 
exhibit a marginal chlorosis and the tips wither and become yellowish- 
grey. Other leaves exhibit a characteristic loss of turgor and present a 
wilted appearance, the upper portion of the leaf bending backwards 
and drooping. The tips of the newly emerging leaves become chlorotic, 
wither and die without unrolling (Plate 12, Fig. 1). The normal elongation 
in growth of the lower nodes of the tiller is restricted and in severe cases 
the tiller dies at the tip, new leaves failing to emerge. ‘The lower leaves, 
however, remain green for a considerable time and numerous secondary 
tillers develop freely from the base of the plant, but these also show 
leaf-symptoms at a later stage. In such severe cases no ears are pro- 
duced although secondary tillers continue to form. ‘The withered leaf- 
tips, bushy growth, and the greenness at the base of copper-deficient 

ei present a striking contrast to normal plants (Plate 12, Fig. 2). In 
“= severe cases panicles are formed, but the chaff is whitish and practi 
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cally no grain is produced. In these cases also the plants remain green 
at the base, and if rain falls after the crop is cut much regrowth is 
produced. 

Deficient grain-formation is one of the most characteristic features 
of the disease in the field, since it may result from a copper-deficiency 
which is not sufficiently severe to affect the vegetative growth (con- 
cealed copper-deficiency). Recent water-culture experiments in this 
laboratory show, however, that copper is equally essential for both the 
vegetative and reproductive growth of the plant. In the absence of 
copper there is very little growth, whereas small traces, which are just 
sufficient for normal vegetative growth are still insufficient for grain 
production. 

When oats are grown in water-cultures devoid of copper the first 
signs of copper deficiency appear about three weeks after the seedlings 
are placed in the solutions. Growth is retarded, the plants become 
noticeably paler green than normal, and the slowness of the emerging 
leaves in unrolling is very characteristic. Within a few days other 
emerging leaf-tips become chlorotic, wither, and die without unrolling, 
and the plants make little further growth unless traces of copper are sup- 
plied. ‘he addition of small traces of copper leads to the development 
of numerous secondary tillers, but these 28 develop deficiency symp- 
toms as the added copper becomes exhausted. Slightly larger additions 
of copper produce nearly normal vegetative growth, but no ears (or at 
most a few sterile ears only) are produced. Still larger amounts of 
copper are required for normal growth and grain formation. 

Wheat growing on copper-deficient soils is affected more severely 
than oats, and the leaves show considerable withering and dying of the 
tips. Yellowish-grey necrotic spots appear on the lower part of the 
leaf-blade. ‘hese spots may extend to form greyish streaks of dead 
tissue until finally the whole leaf dies. ‘The death of the tiller without 
ear-formation, or at most the production of a few whitish ears bearing 
practically no grain, is very characteristic. ‘The base of the plant also 
tends to remain green when normal plants are ripening. 

Copper-deficiency has been induced in rye growing in nutrient solu- 
tions devoid of copper in this laboratory, and the symptoms correspond 
closely with those described for wheat. As already mentioned, rye 
frequently grows normally on soils where wheat and oats fail from 
copper-deficiency. 

he symptoms of copper-deficiency appear in peas at a later stage 
than in oats. In water-culture experiments carried out by the author 
the first noticeable symptom was the limpness of the top few inches of 
the main stem; considerable drooping occurred and it was unable to 
support itself in an erect position. Apart from this, the vegetative 
growth appeared normal and no characteristic leaf-symptoms were ob- 
served. However, only a few flowers were produced, no seed was 
formed, and the plants died earlier than those receiving copper. ‘The 
latter formed seed normally. Under field conditions the decreased seed- 
production is the most important feature of the disease in peas. 

In tomatoes and beet, one of the most noticeable symptoms of copper- 
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deficiency is a mottled chlorosis of the leaves, the veins remaining green 
while the interveinal tissue is yellowish. ‘The leaves of copper-deficient 
tomatoes are smaller than normal leaves, and the edges of the leaflets 
curl upwards and bend inwards. Necrotic areas appear in the leaf- 
tissue at a later stage. A good illustration of a tomato leaf, showing the 
early symptoms of copper-deficiency, is given by Reed [70]. 

Van Schreven [65] has described the symptoms exhibited by sugar- 
beet when grown in nutrient solutions devoid of copper. After about 
nineteen days, a light chlorosis appeared at the tips of the leaves, and 
this gradually spread over the leaf-surface, giving a marbled appearance 
to the leaf. Green veins stood out prominently against a pale-green or 

ellowish-green background. Later, the chlorotic parts of the older 
leone died, but no chlorosis developed on the heart leaves. In the field 
the leaves of copper-deficient beets show symptoms of earlier withering 
under drought conditions than do those of sound beet. Copper-deficient 
beets are also smaller and contain a lower percentage of sugar than 
normal beets. 

Arnd and Hoffmann [71], in summarizing the symptoms of copper- 
deficiency, state that these are different for all plants, but that they are 
generally accompanied by some chlorophyll defect and necrosis of the 
leaves. Later in the growth-cycle there is a depression in the reproduc- 
tive as opposed to the vegetative phases. Indeed, in cases of mild or 
concealed copper-deficiency the vegetative phase may be particularly 
luxuriant, so that the depression in seed-formation becomes most 
important. 

Zinc-deficiency.—The essential nature of zinc for the growth of certain 
fungi had been recognized for many years before Mazé [18] showed, 
in 1914, that this element was also essential for higher plants such as 
maize. ‘The range of plants for which it was proved essential was ex- 
tended by Sommer and Lipman [20] in 1926 and Sommer [72] in 1928. 
Naturally occurring zinc-deficiency diseases include ‘white bud’ of corn, 
‘mottle leaf’ of citrus, ‘little leaf’ or ‘rosetting ’of other fruit trees, and 
‘bronzing’ of tung-oil trees. In all of these growth is affected and 
definite and recognizable symptoms are produced. However, the appli- 
cation of zinc sulphate to other crops growing on certain soils has eo 
duced big increases in yield although no deficiency symptoms have 
been noted. These probably correspond to concealed or partial de- 
ficiencies. 

‘White bud’ of corn has been described and illustrated by Barnette 
and Warner [73], who state that on zinc-deficient soils the first symp- 
toms appear within a week after the emergence of the corn seedlings. 
Full development of the chlorophyll scarcely takes place in the older 
leaves before light yellow streaks appear between the veins. Small white 
spots of dead tissue develop rapidly in the leaves, whilst small white 
areas which never contain chlorophyll are sometimes prevalent. The 
unfolding leaves in the buds of corn seedlings are often white to very 
light yellow. In severe cases the older leaves die, but chlorotic leaves 
continue to unroll until eventually the whole plant dies. In less severe 
cases the lower leaves may die while the upper leaves show typical 
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yellow striping between the green veins. Growth is stunted, the inter- 
nodes are shorter than normal, and little or no corn is produced. 

The same authors have noted zinc-deficiency symptoms on velvet 
beans and cow-peas growing on soils which give rise to ‘white bud’ in 
corn. ‘They also found that on these soils the yield of oats was doubled 
by the application of zinc sulphate, although no deficiency-symptoms 
were observable in the control plots. Zinc sulphate has also given in- 
creased yields of wheat and oats in parts of Victoria [74, 75], again with 
no noticeable deficiency-symptoms in the untreated crops. 

When oats are grown in nutrient solutions carefully purified from all 
traces of zinc, the present author has found that characteristic lesions 
develop on the leaves and the plants do not grow beyond the seedling 
stage. Within ten days of transferring the germinated seedlings to 
nutrient solutions the leaves become markedly paler green than those 
of the controls, and greyish-green collapsed areas appear at the tips 
and on the upper parts, particularly along the margins, of the first and 
second leaves. Within two to three days these necrotic areas dry out 
and become grey or greyish-white (Plate 12, Fig. 3). Lesions continue 
to develop and extend down the leaf-blade. As they extend and coalesce 
they cause the top part of the leaf to collapse. ‘The lower part of the 
leaf tends to become a greyish-green, and later a bronzy green before 
it dies and dries out. Growth is severely checked, practically no tillers 
are produced, and later-formed leaves are small. Shortly after these 
leaves are formed characteristic lesions appear, commencing at the tips 
and extending down the leaf-blades. Eventually growth ceases com- 
pletely and the plant dies. In the presence of small amounts of zinc, 
growth is at first normal, but when the supply is exhausted similar 
deficiency-symptoms appear on the newly emerging leaves and growth 
is checked. Adequate supplies of zinc ensure normal growth and seed- 
production. 

These characteristic zinc-deficiency lesions appear first near the tip 
of the leaf, and they are clearly distinguished from lesions due to man- 
ganese-deficiency, since the latter always develop in the lower third part 
of the leaf-blade, the tip in this case remaining healthy. 

When peas are grown in similar zinc-free nutrient solutions they 
make normal growth for about three weeks. A check in growth then 
occurs and the leaves on the lower half of the plant begin to die at the 
edges. This dying gradually extends inwards towards the midrib. ‘The 
younger internodes become progressively shorter and the stems are 
stiff and erect. A little later, further growth ceases and no flowers 
are produced. In the presence of zinc, growth and seed-production are 
normal, total growth being as much as six times that produced in the 
absence of zinc. 

The first symptoms of zinc-deficiency in potatoes are, according to 
van Schreven [76], the somewhat smaller size of the leaves and the 
tendency for their edges to be rolled upwards slightly. Later, greyish- 
brown to bronze-coloured irregular spots develop on the leaves, and in 
some cases these necrotic areas are so severe on the younger leaves that 
they cause the death of the top part of the plant. Zinc-deficiency also 
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causes greyish-brown spots on the leaves of sugar-beet. The leaves 
subsequently wither from the top and only the petioles remain green. 

Alben, Cole, and Lewis [77] have described the symptoms of ‘pecan 
rosette’, for the control of which they had at first recommended spraying 
of the leaves with soluble iron salts. Further work, however, showed 
that the beneficial effects of these sprays were due to zinc impurities, 
either present in the commercial salts used or derived from galvanized- 
iron containers [78]. ‘The early symptoms of ‘pecan rosette’ appear on 
the tops of the trees but signs of the deficiency gradually spread over 
the whole tree. At first the leaves show a mild chlorosis, but later- 
formed leaves are dwarfed, the internodes shorten, and finally twigs 
and branches die. 

In California zinc-deficiency symptoms have been noted on all vari- 
eties of orchard and ornamental trees usually grown. On deciduous trees 
the disease is usually called ‘little leaf’ or ‘rosette’, but when it occurs 
on citrus it is more commonly spoken of as ‘mottle leaf’. According to 
Chandler [79], the most dependable symptoms on deciduous trees are 
the rosettes of small, stiff, nearly sessile leaves in the first flush of spring 
growth. ‘These leaves may or may not be mottled and they are never 
more than 1 in. long. Shoots tend to start from below these rosettes 
and, where the disease is not severe, the new growth remains healthy. 
When the deficiency is greater, however, the leaves on these later- 
formed shoots may be more or less mottled from the beginning, and 
the leaves formed towards the end of the season are badly mottled, 
small, and abnormally shaped. On severely affected parts of the trees, 
flowers do not set freely and only a little abnormally shaped iruit is 
produced. 

Hoagland, Chandler, and Hibbard [43] have reproduced the leaf- 
symptoms of little leaf by growing apricot seedlings in nutrient solutions 
devoid of zinc. 

Various species of fruit trees differ widely in their susceptibility to 
the disease when grown on zinc-deficient soils. Sweet cherries are most 
severely affected, whilst deficiency-symptoms appear in decreasing 
order of severity on apple, plum, peach, walnut, apricot, citrus, and 
grape-vines. Although mottling of the leaves and a rosetted type of 
growth, as described above, are so very frequently associated with zinc- 
deficiency they are not, however, specific, and similar symptoms may 
result from other deficiencies. 

Zinc-deficiency in tung-oil trees gives rise to the disease called 
‘bronzing’, which has been described by Mowry and Camp [80]. At 
first a few leaves show a bronzed coloration, and terminal dome. may 
be misshapen. The older leaves on a twig are normal, but the newly- 
formed ones become progressively smaller and badly deformed. Later 
the foliage becomes typically dark brown and necrotic spots appear on 
the leaves. The symptoms increase in severity as the season advances. 
Affected branches are weaker and the internodes are shortened, giving 
a bunched appearance to the foliage. Severely affected branches may 
die, particularly during cold winters, and numerous adventitious buds 
denen on the trunk in the following season. Zinc-deficient trees tend 
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to bloom earlier than healthy trees, and they are therefore more subject 
to injury from late frosts. Whereas mild zinc- -deficiency may only reduce 
the size and vigour of the tree, severe deficiency, unless checked, causes 
death within two or three seasons. 

Molybdenum-deficiency—Molybdenum is the latest of the elements 
to be added to the list of those essential for the growth of higher plants 
although, like zinc, its necessity had been previously recognized for 
lower organisms such as Aspergillus [81] and Azotobacter [82]. So far, 
no naturally occurring disease has been ascribed to a deficiency of 
molybdenum, but Arnon [83] has shown that when barley is grown in 
nutrient solutions, in which ammonium salts furnish the sole supply of 
nitrogen, its growth is increased by traces of molybdenum; and more 
recently, i in collaboration with Stout [1 1], he has demonstrated its essen- 
tial nature for the growth of tomatoes in other nutrient solutions. ‘The 
leaves of tomatoes grown in the absence of molybdenum developed 
distinct mottling, different from any other deficiency-symptoms pre- 
viously observed. Later, a necrosis started at the leaf margins and a 
characteristic involution of the laminae was noted. Most of the flowers 
dropped without setting fruit. 

he present author has confirmed the need of traces of molybdenum 
for securing the healthy growth of oats in nutrient solutions. Normal 
growth and good grain-production were obtained in the presence of 
0-02 mg. of molybdenum per litre, whereas in its absence distinctive 
lesions appeared on the upper leaves and the plants died prematurely, 
producing only shrivelled grain. Necrotic areas developed near the 
middle of the leaf-blade of the upper leaves of the tillers, causing the 
leaves to bend backwards, at first in a smooth curve but later with a 
sharp kink (Plate 12, Fig. 4). The lesions dried out to a light reddish- 
brown or rust colour, the rest of the leaf remaining deep green for a 
time. Other lesions developed both above and, more extensively, below 
the collapsed area, until eventually the whole leaf died. ‘The tip re- 
mained green longest. As no symptoms of molybdenum-deficiency were 
observed in these experiments until a relativ ely late growth-stage, it is 
possible that molybdenum impurities were not completely excluded 
from the reagents used for the nutrient solutions. 
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Fic. 1. Typical copper-deficiency symptoms pro- 
duced on the leaves of Algerian oat plants grown 


in nutrient solutions deficient in copper Fic. 2. Oats growing on a copper-deficient soil. 


Left: Typical copper-deficiency symptoms in- 

cluding withering of the leaf tips and failure of the 

main tillers to elongate and produce ears. Right: 
Normal growth in the presence of copper 





"IG. 3. Zine-deficiency’ lesion 
tar the tip of the second leaf of hic. 4. Molybdenum-deficiency lesions on the 
upper leaves of Algerian oats grown in a nutrient 


i Algerian oat plant grown in 
solution deficient in molybdenum 


zinc-tree nutrient solution 
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EFFECTS OF SOIL SALINITY ON CLOVER IN 
THE YEZREEL VALLEY 
S. RAVIKOVITCH anp N. BIDNER 
(Agricultural Research Station, Rehovot, Palestine) 


THE irrigated fields in the Valley of Yezreel have become saline as a 
result of continued irrigation. The soils of this region are mainly of the 
heavy type, and may contain up to 70-75 per cent. of clay and silt in 
the deeper layers. ‘heir high water-holding capacity, excessive swell- 
ing, and the occurrence of compact impermeable layers close to the soil 


TaBLe 1. Total Salts and Chlorine in the Irrigation water of the 
Ain-Harod District (mg. per litre) 


Place Source of water Total salts Chlorine 
Beth-Hashitta : Well 1 1,582 483°4 
Beth-Hashitta ; Well 2 gio 315°2 
Beth-Alpha . " Well 760 215°8 
Beth-Alpha . : Rehaniah spring 751 205°9 
Tel-Joseph . : Well 686 200°2 
Ain-Harod . - | Well 854 211°6 
Ain-Harod . ; Ein-Jalud spring 492 106°5 
Geva : F Well 680 154°8 


surface, create very poor drainage conditions. The irrigation water, 
containing soluble salts, at times in considerable concentration (‘Table 1), 
evaporates from the soil leaving its salts behind. Annually the amount 
of salt in the soil is raised above the concentration level which prevailed 
before irrigation was begun. At the increased concentration the salts 
disturb the normal course of plant-development and sometimes damage 
the crops [1], as has happened to clover and various vegetables in the 
Harod District of the Yezreel Valley. 

Symptoms of clover injury —Towards the end of summer 1936 a notable 
lag in the development of clover (Trifolium alexandrinum) was observed 
in different fields. The plants were stunted, leaves were pale green and 
turning yellow, and the stems were so thin that the plants lodged; in 
certain sections they turned black and the leaves dried and crumbled. 
Bald patches developed where plants had either failed to germinate or 
had died after germination. On some plots growth was so poor that the 
crops were ploughed under after the first harvest. The finding of 
characteristically disintegrated soil, and the apparently physiological 
origin of the disease, suggested excess soil salinity as the cause of the 
trouble. 

The soil.—Soil samples were taken from healthy and diseased clover 
fields. Soluble salts, chlorine, and pH were determined. 

All irrigated fields were found to be characterized by an excessively 
high concentration of salt near the soil surface (o-2 cm.) during the 
autumn growth, i.e. the period of irrigation preceding the rains (‘Table 2). 
The percentage of soluble salts in the surface-layer during the period of 
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defective clover development at Geva, Ain-Harod, and Tel- -Joseph enc 
settlements were 0-723, 0:966, and 2 80, respectiv ely, in field sections dee 
where deterioration was considerable, ‘but o- 413, 0247, and 0-706, cre 
respectively, in sections where the effect was comparatively slight. ‘The wo! 
corresponding percentages of chlorine were o- 285, 0-246, 0-999 in the alsc 
heavily deteriorated, and 0-121, 0-061, and 0-288 in the slightly affected 
TABLE 2. Seasonal Changes in the Soluble Salts and Chlorine contained 
in Soils of Clover Fields 
Depth “Soluble salts, o Chlorine, ° 
Plot | of layer | Nov. | March | May Nov. | March| May 
Place no. (cm.) 1936 1937 1937 1936 1937 1937 | pH 
Geva " ‘ 2 o-2 I°I2 0°076 | 0°214 | 0°387 | 0°004 | 0°026 | 7°5 
2-30 0'087 | 0-096 | 0-105 | 0°009 | 07005 | 0°008 | 7°6 
30-60 o'109 | 0-159 | 0°133 | O'010 | 0°007 | Ovo | 84 
60-90 0189 | 0°222 | O-I5I | O'015 | O-013 | OrOr2 | 8'5 
go-120 | 0°218 | 0°258 | 0-205 | o-org | or0r15 | o-017 | 85 
120-50 oO'34I 0°254 0°227 o'o3l oo18 0°020 8:5 
150-80 0°364 | O'311 | 0°284 | 0°065 | 0°024 | 0°026 | 8'5 
Ain-Harod A I o-2 0°966 | 0°074 | 0°093 | 0°246 | 0°004 | O'0I0 | 7°7 
2-30 0°135 | 0°074 | 0-117 | 0°043 | 0°004 | o-014 | 7°6 
30-60 | 0094 | 0°085 | O°100 | O'010 | 0°007 | 0°004 | 7°6 
60-90 0°084 | 0'074 | 07081 | o-010 | O°009 | 0008 | 7°7 
g0-120 | 0-081 | o-105 | 0-085 | O-010 | 0-009 | O-oI0 | 7°3 
120-50 0°093 0°094 O°107 0°008 o'o1o0 foie} fe) ie | 
150-80 0085 | 0083 | o117 | OOO | O-orr | OroIL | 7°6 
Tel-Joseph : I o-2 2°80 oo8r |. 0°999 | 0°004 7°6 
2-30 0'078 | 0°087 we O°014 | O°005 7s 
30-60 0060 | 0066 ae 0°008 | 0°004 Yi 
60-90 0066 | 0078 ate 07008 | 0°005 75 
90-120 | 0060 | 0°058 a 0°007 | 0°006 75 
120-35 0°046 wie oe 0°004 75 
Beth-Alpha : I o-2 5°40 0°053 | 0165 | 2°18 0°004 | 0°027 | 7°5 
2-30 O°116 | 0°068 | 0°123 | 0°023 | 0007 | 0-018 | 7°7 
30-60 0°128 | o-090 | 0'094 | 0°018 | O'005 | 0°009 | 7°7 
60-90 0107 | 0°066 | 0:077 | 0°023 | 0008 | ovor2 | 7°6 
gO-120 | 0'114 | 0°088 | 0°107 | 0°022 | O'00g9 | ovors5 | 7°6 
120-50 0°127 | O'OQI | O-103 | 0°031 | O'OTO | O'OIg | 7°3 
150-80 O°122 | O-r12 | O-117 | O'018 | O-O12 | O'017 | 7°6 
a ne eta Te of t 
sections. Bare spots where growth had failed completely reached 3-43 acc’ 
and 5-40 for Geva and Beth-Alpha respectively, the corresponding ( 
percentages of chlorine being 1-46 and 2-18. At soil depths below 2 cm. stas 
the concentration of salts was generally that normally found in non- chi 
saline or slightly saline heavy soils in the Yezreel Valley. cloy 
Chlorides predominate in the soluble salts (Fig. 1), constituting the 
24°7-40°4 per cent. of those in the surface-layer. Much of the chlorine 20% 
is combined with sodium, less with calcium and magnesium. The high of 
chlorine values suggest that chlorides are distinguished by their tendency Sol 
to rise to the surface. With increasing depth the percentage of chlorides ash 
in the soluble salts decreases. \ 
At the close of the rainy season the soil presents an entirely different tha 
picture. The salts which had accumulated in the top soil layer at the cen 
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end of summer have disappeared, the rain having removed them to 
deeper layers. The percentage of soluble salt in the surface-layer de- 
creased to 0-053-0-0g1 and that of chlorine to 0-004-0-009. It is note- 
worthy that the chlorides, which are the first to rise to the surface, are 
also the first to be removed. With the renewal of irrigation at the end 
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Fic. 1. Seasonal variation in the percentage of 
chlorine in the soluble salts at different depths. 


of the rainy season the cycle is completed and salt once again begins to 
accumulate. 

Constituents of the clover —Samples of clover from fields at different 
stages of deterioration were analysed for total ash, soluble salts, and 
chlorine (Table 3). A marked fluctuation of the mineral fraction of 
clover at different mowings (November, March, and May) was noted, 
the values calculated on a basis of dry matter ranging from 10-75 to 
20°93 per cent. Autumn clover contained the greatest concentration 
of minerals; subsequent harvest generally showed lesser values [2]. 
Soluble salts, chiefly chlorides, accounted for the greater part of the 
ash, usually 50 and sometimes 60 per cent. 

Most chlorine was found in the heavily affected first clover harvest; 
that in the clover harvested in autumn ranged between 2-47 and 4:06 per 
cent., chlorine accounting for 28-1—36-1 per cent. of the total soluble salts. 
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TaBLE 3. Ash, Soluble Salts, and Chlorine in Clover at different Seasons: 


Percentages 
Chlorine 

Plot Condition of Soluble as % of | Mois- 

Place | no. Date clover Ash salts | Chlorine sol. salts| ture 

Geva 2 Nov. 1936 Deteriorating Ig‘OI | 11°24 4°06 36°1 

Nov. 1936 Affected 16°46 8-78 2°47 28°1 ae 

March 1937 | Healthy 18:09 | 11°90 1°59 13°4 89'9 

May 1937 Healthy 13°83 8-o1 1°83 22°9 824 

Ain- 3 Nov. 1936 Heavily affected | 20°93 | 11°10 3°14 28-3 2 
Harod March 1937 | Healthy 13°53 7°39 0°939 12°7 86°1 
May 1937 Affected 14°76 7°38 2°46 33:3 74°5 

Tel- 3 Nov. 1936 Affected 17°10, 10°46 3°24 310 pe 
Joseph March 1937 | Healthy 15°87 | 10°67 1°52 14°3 89°5 
May 1937 Healthy 10°75 6°38 1°93 30°3 82'8 

4 March 1937 Healthy 16°02 | 11°21 0823 3 89°3 

May 1937 Healthy 9°29 5°53 1°40 25°3 76°5 


Most of the chlorine is combined with sodium, other cations being of 
minor importance. In general the equivalent values for chlorine per 
100 gm. of clover only slightly exceed the corresponding sodium values. 
The unusually high concentration of chlorides in the plant would seem 
to be the cause of the physiological disturbance that is responsible for 
the symptoms described, e.g. chlorosis, weakness of the stem, brown- 
ing and wilting of leaves (‘leaf burn’). 

Samples from the first harvest of clover obtained on settlements in 
the Jordan Valley, where the lime-content of the soil is very high 
(40 per cent. CaCO,), were much lower in chlorine than the clover 
plants of the Harod District (Table 4). In the former the chlorine 


TaBLeE 4. Ash, Soluble Salts, and Chlorine in Clover of the Jordan 
Valley ( first cutting): Percentages 


Chlorine | 
Condition | as % of 

Plot of Soluble | soluble | Mots- 
Place no. clover Ash salts Chlorine salts ture 
Degania ‘A’ I Healthy 16°93 10°37 1°35 1370 =|: 868 
2 * 18°34 11°39 o°829 73 79 
Degania ‘B’ I a 18°32 II‘gI 1°69 14°2 90.7 
Kinereth I a 15°90 9°50 0-961 10°! 85°2 


percentage ranged from 0-83 to 1-69 of the dry weight. Total ash and 
soluble salts in plants of the Jordan Valley are not less than in the crops 
of the Yezreel Valley, yet their development was normal and no indica- 
tions of lag in growth were found. Therefore the decisive factor in the 
development is not the concentration of total salts in the plant, but the 
composition of the salts. The accumulation of chlorides in the plant- 
body must be regarded as the principal cause of the disturbance: the 

ercentage of chlorine in the soluble salt of the clover was only 7-3-1472 
in the Jordan Valley but 28-1-36-1 in the Yezreel Valley. The valuable 
physical properties of the soil of the Jordan Valley (high rate of water- 
percolation) do not favour the accumulation of an excess of chlorides 
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ons: in the soil. Thus the soil of the fields was found to be free of excess 
chlorides and other salts despite the fact that the irrigation-water there 
used contained 300 mg. of chlorine per litre. 

The data concerning the distribution of soluble salts, in particular of 


_ chlorides, in the soil reveal excessive accumulation in the top layer 
— during autumn. The salts do not, however, remain in this layer during 
- the whole autumn. The increase in concentration in the surface-layer 
89°9 occurs mainly in the time-interval between irrigations, when the water 
824 applied in the previous irrigation has mostly evaporated and left its 
86:1 salts in the surface-layer. The concentration of salt around the roots 
745 fluctuates from one irrigation to the next; when it is high, the salts 
nad accumulate in the plant-body and normal functions are disturbed. 
828 Young plants suffer most because their nutrition depends on shallow 
893 roots. It is noteworthy that fields of high salt-concentration and declin- 
BS) 


ing clover-yields were subject to heavy attacks of ‘root collar rot’ 
(Rhizoctonia solani and Fusarium). The plants are apparently rendered 
ig of | susceptible to this disease by salt injury of the root collar through 
_ Pet | contact with the top layer of soil. 

lues. The condition of the clover field is radically changed with the onset 
seem | of the rains: pathological symptoms disappear and development takes 
e for | its undisturbed course in all the fields. The yield is good. On analysis 
own- | of the soil during this season it was found that excess soluble salts, and 
in particular chlorides, had been removed. The percentage of chlorine 
ts N | in the soluble salts, which was at a maximum in autumn, sank to a 
high | minimum during the winter. A corresponding decline in the chloride- 
lover | content of the clover plants was recorded. (Compare winter cutting 
oriné | obtained in March with autumn cutting.) The lowest chlorine values 
were found in clover field No. 3 at Tel-Joseph, which was sown at the 


mrdan beginning of the rains. The concentration of total soluble salts in the 
clover plants remained high, and consequently the percentages of 
chlorine in the soluble salts declined markedly to values between 7:3 
and 14:3. 

Mois- In summer, when irrigation was renewed and the rains had ceased, 

i} the accumulation of chlorides in the clover plants began anew. The 

a increase in the concentration of chlorides in the top soil layer during 


90.7 | Summer has already been noted. The range of concentration of chlorine 
852 | in the clover plants in various settlements at this time was 1°83-2-46 
per cent. and the percentage of chlorine in the soluble salts fluctuated 
1 and | between 22-9 and 33°3. 

crops The data presented clearly show the existence of a close correlation 
\dica- | between the concentration of salts in the soil and the concentration of 
n the} chlorides in the plant. It may be noted, however, that the soil factor, 
it the | though of first importance, is not the only factor influencing salt-accumu- 
slant- | lation in the plant. Climate and the salt-content of irrigation water are 
»: the} also significant. Under conditions of intensive transpiration, high con- 
—142} centration of salts in the irrigation water may lead to accumulation of 
uable | salts in the plant. The comparatively low values for chlorine recorded 
vater-| for clover samples from the Jordan Valley are still appreciably higher 
yrides | than values for clover found in other countries [3]. ‘The increased rate 
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would seem to be due to the high concentration of chlorides in the 
irrigation water used in Jordan Valley. 

Source of the salts.—The analytical data that were obtained for alluvial, 
heavy, poorly percolating soils of irrigated and unirrigated fields at 
Beth-Hashitta show clearly the influence of irrigation on their content 
of salts, and the general results are given in the graphs of Fig. 2. Carrot 
and beet were grown on these fields. In Plot 1, which was not irrigated 
during the summer of 1936 and in the period following the rains in 
1937, no accumulation of soluble salts and chlorine in the top layer was 
found. ‘The concentration of soluble salts and chlorine in the top layer 
of this field ranged from 0-054 to 0-074 and 0-007—0-008 per cent., 
respectively. On the adjacent Plot 2, however, irrigation was accom- 
panied by a marked rise in concentration in the top layer, the percentages 
of its salt and chlorine reaching 6-72 and 2-75, respectively. In the 
winter the usual displacement of salts to deeper soil was noted. Irriga- 
tion was not renewed after the rains and only a slight rise of salts to the 
surface occurred. Plot 3, which was likewise irrigated during the summer 
of 1936, showed extreme concentration of salts in the top layer, the 
percentages found for total soluble salts and chlorine being 6-85 and 
299, respectively. ‘This plot is topographically lower than the other 
plots, and accordingly it showed an excessive accumulation of salts in 
the second soil layer (2-30 cm.), the concentration of salts and chlorine 
found in it being 1-02 and 0-350 per cent., respectively. The crops of 
Plots 2 and 3 were seriously affected by the salts accumulated in the 
soil. With the renewal of irrigation at the close of winter, the salt-concen- 
tration of the top soil layer, which had been reduced by ‘the actior. of the 
rains, increased again. Here, as in the irrigated fields of the Harod 
District, chlorides predominate among the soluble salts: their concentra- 
tion is high at the end of the irrigation season, decreases during winter, 
and rises again with beginning of irrigation. ‘The main source of the 
soluble salts in the surface soil layer is the saline irrigation water; a 
secondary source is provided by the deeper soil layers. In years of 
abundant rainfall, the salts which accumulate in the surface- layer during 
the irrigation season are removed to deeper soil layers; in years of com- 
parative drought, such as have prevailed of late, the rains do not suffice 
to wash out all the salts from the upper soil. The comparatively rapid 
accumulation of soluble salts in the soil of irrigated fields observed in 
the summer of 1936 may thus be regarded as partly attributable to the 
indirect cumulative effect of several years of drought. 

The degree of concentration of salts in the top soil layer is conditioned 
not only by the practice of irrigation, but also by the method of irriga- 
tion employed. The results of an inv estigation now being pursued on 
the effect of different methods of irrigation suggest that furrow- -irrigation 
favours the accumulation of salts at the soil surface. This method is the 
one most commonly employed by the settlements in Yezreel Valley. 
Furrow-irrigation does not favour the movement of salts to deeper layers 
by watering, but rather the accumulation of salts in the surface- layer 
between furrows. In flood irrigation, on the other hand, the entire sol 
surface is covered, accumulation of salts in the top soil layer is prevented, 
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and salts already present in the top layer are displaced to deeper layers. 
Overhead irrigation with sprinklers has the same advantages. The 
gradual decline of clover and maize yields in the fields of various settle- 
ments during years is undoubtedly due in large measure to the replace- 
ment of flooding by the furrow method of irrigation. 


Summary 


1. Soluble salts were found to accumulate during the season of 
autumn growth in soil of defectively developing clover fields in the 
Yezreel Valley. 

2. The salts were found to be concentrated primarily in the top 2 cm. 
of soil. 

3. Chlorides, particularly sodium chloride, predominate among the 
soluble salts of the surface-layer. 

4. A relationship was established between the degree of soil salinity 
and the rate of decline of the clover. An abnormal accumulation of 
chlorides, especially sodium chloride, was found in deteriorated or 
heavily damaged clover plants. 

5. During the winter the salts are leached from the surface to deeper 
soil layers. 

6. During the rainy season, badly affected clover plants may recover 
and produce good crops. At that time the percentage of chlorine in the 
clover decreases markedly. 

7. When irrigation starts after the rains, the percentage of soluble 
salts and chlorine in the upper layer of the soil rises again, as also does 
the concentration of chlorine in the clover. 

8. Irrigation-water is the main source of supply of the soluble salts 
in the soils. 
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THE CONTROL OF NUT GRASS IN THE SUDAN GEZIRA 
F. W. ANDREWS 
(Botanist, Agricultural Research Institute, Anglo-Egyptian Sudan) 


Introduction.—Nut grass (Cyperus rotundus L.) is a troublesome weed 
of cultivated land in many parts of the tropics and subtropics. The 
present paper deals with its control by deep mechanical cultivation and 
is based on measures employed in the irrigated cotton-land of the Gezira, 
a flat plain lying between the Blue and White Niles. The irrigated area 
comprises a tract of about 600,000 acres, commencing about 35 miles 
south of Khartoum. The soil of this irrigated plain consists of a heavy, 
strongly alkaline clay, feebly permeable to water and low in contents of 
nitrogen and humus [1]. It is thought that control of this weed by 
mechanical cultivation should be practicable i in any region with a well- 
marked dry season producing desiccation of the upper ‘soil, and that the 
method should be applicable to all perennial weeds that can only survive 
the dry period by means of a deep root-system tapping a moist subsoil. 

A description of the morphological characters of this weed has been 
given by Ranade and Burns in India [2], Smith and Fick in North 
America [3] and Andrews in the Sudan [4]. The plant consists essen- 
tially of an aerial and a subterranean portion. The former consists of a 
rosette of leaves from the centre of which arises the umbel-like inflor- 
escence typical of the genus, the whole structure originating from a small 
bulb situated just below -the surface of the ground. This bulb is con- 
nected by a rhizome to the subterranean portion of the plant, consisting 
of rhizomes, and tubers from which arise adventitious roots. 

The plant is propagated by seed, and by the tubers which during the 
rainy season (or during irrigation) produce further rhizomes and tubers 
after the plant has established its aerial growth [4,5]. Observations on 
seed germination in the land of the Gezira has demonstrated that seed 
is of little i importance in the propagation and perpetuation of Nut Grass. 
This paper therefore describes the methods adopted for killing the 
tubers. 

Climate of the Gezira.—As the method employed for destroying this 
plant is correlated with the rainfall of the Gezira, the following details will 
be of interest. 


TaBLE 1. Meteorological Averages. Gezira Research Farm (1919-38) 


Rel. humidity Rel. humidity 
Max. temp.| (per cent.) Rainfall Max. temp.| (per cent.) Rainfall 

Month ec.) 8 a.m. (mm.) Month fe 8 a.m. (mm.) 
January 338 36 fas July 35°4 68 132°4 
February 35°1 25 i August | 33°5 76 146°2 
March 38°5 20 ra September 35°7 69 62°4 
April 41'I 18 2°7 October 38°6 48 10°7 
May 41°0 31 10°3 November 36°8 33 13 
June 39°5 46 33°7 December 34°5 37 


It will be noted that for a period of about six months little or no rain 
falls. 
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Soil moisture.—The following table gives the moisture-content of the 
soil at successive depths of 6 in. on fallow land of the Gezira Research 
Farm which had received no water for 8 months, representing the longest 
period that the Gezira land is likely to be without water. 


TABLE 2. Moisture-Content (per cent.) of Soil after Dry Fallow 


Depth Depth Depth 
(in.) (in.) (in.) 
o-6 7°4 24-30 20°! 48-54 23°6 
6-12 10°8 30-36 21°3 54-60 23°4 
12-18 15°6 36-42 22°9 60-66 a2°3 
18-24 17°5 42-48 23°6 66-72 21°6 


At depths below 2 ft. the moisture-content is about 20 per cent. The 
bulk of this water is firmly held by the clay soil, but there is a slight 
surplus which if tapped by plant-roots may permit survival but will not 
promote active growth. 

Depth of penetration of the tubers—Table 3 shows the proportional 
penetration of the tubers in different types of soil. 


TABLE 3. Distribution of Tubers at different Levels as 
percentage of Total Tubers 


(a) 9 pits: Gezira Research Farm: June-July 1937. 
(b) 2 pits: low-lying water-logged land: Aug. 1937. 
(c) 2 pits: cultivated land adjacent to (b): Aug. 1937. 
(d) 6 pits: Gezira Research Farm: Jan. 1938. 

(e) 6 pits: River silt: Jan. 1938. 


Depth 
(in.) (a) (b) (c) (d) (e) 
o-3 59°2 758 75°4 30°7 16°4 
3-6 31-7 22°5 22°3 56°3 37°0 
6-9 8-2 1°6 4 10°25 23°1 
Q-12 °o'9 a °o°6 2°70 ky 
12-15 ae a re 0°05 69 
15-18 ws oi | ne ws 2°5 
18-21 oe mr ee oc o's 
21-24 a - or a orl 
24-27 


It will be noticed that in the Gezira soil most of the tubers occur in the 
first 6 in. depth and the remainder rarely below 12 in. In lighter, more 
permeable soil penetration will occur to 24 in. 

The maintenance of life in the tuber —Excavations have shown that the 
tubers in the soil have an extensive and well-developed root-system 
descending to over 4 ft. (Fig. 1). During the dry season the tubers art 
fed by these deep roots from the moist subsoil, and a connected system 
of rhizomes, tubers, and roots sustains the whole plant during the period 
when there is no green aerial growth and little or no available surface 
moisture. . 

Control of Cyperus Rotundus L.—It has been shown [4] that surviva 
of the tubers in the dry season is dependent on the maintenance of thi 
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water-supply from a moist subsoil. Should the supply be interrupted 
rapid mortality will ensue. It is clear therefore that eradication of this 
weed in the Gezira would be accomplished if a root-cutting implement 
were to be drawn through the soil at a depth below that of the lowest 
tuber, and the disturbed soil containing the tubers left in a dry condition. 
Ranade and Burns [2] and Smith and Mayton [6] have shown that 


Soil moisture 


th after 8dr 
Dep pod 





Ground level 


0-3 7-4] 
3-6 
6-9 | 10-62 : RACHA Y FAY | fy | \ et tll 
9-12¢ Mw PY (TITY 77-7 ee 
IS 67 the tubers. 
15-18% 
17 SI 
2\-24 
20:17 
27-30" 
21-37 
33-364 





| 2297 
39742" 
23-64 


45-48" 





23-62 





S154" 

Fic. 1. Diagrammatic sketch illustrating the typical arrangement of the Nut Grass 
tubers, rhizomes, and roots in the soil of the Gezira Research Farm. The heavy 
black dots represent tubers, the thick lines rhizomes, and the thin lines roots. 
repeated cultivation of the land will eventually destroy this weed. Re- 
peated cultivation of the Gezira cotton-land is not economically possible. 
By the method described here a single operation establishes control of 
the weed. 

The technique of examination consisted in treating the land and allow- 
ing the treated soil to remain dry for at least one month. After this, the 
loose soil was removed from marked-out areas of one metre square, and 
washed through a sieve to retain all tubers. The tubers were then 
separated into those that were apparently healthy and those that were 
shrivelled and diseased. The former were sown immediately in shallow 
pans and the number germinated was counted after a period of 14 days 


from sowing. After the loose soil was removed the depth of disturbed 
3988.31 
P 
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soil was measured at each corner of the square and in the centre. This | til 
would provide useful information in deciding the best type of instru- soil 
ment to use. Digging was continued in each metre square, the soil Ac 
being removed at every 3 in. depth to determine the proportion of tubers | pei 
in each layer and the final depth to which they penetrated. con 
Experimental Treatments and Results - 
On a priori grounds, a knife-blade drawn through the soil at the 
required depth should give the desired result. The first attempt on the 
Gezira Research Farm was a small-scale trial made with a modified - 
form of the Indian ‘guntaka’, drawn by a Fordson 30-h.p. tractor. The , 
‘guntaka’ consists essentially of a sharpened blade about a metre long 
fitted to a frame so that the blade can be drawn horizontally through 
the soil. Its effect was compared with that of a cultivator with 2 ranks 
of tine-points 3 in. wide, each tine-point separated from its neighbour 
by a distance of 15 in. The latter instrument was also drawn by a 
Fordson 30-h.p. tractor. The average depth per metre square obtained 
by the guntaka varied from 1-5 to 5 in. (average 3-5), and by the culti- 
vator from 1:0 to 4°5 in. (average 3:2). ‘The depth of penetration of both 
implements was small and great variation occurred even in a metre 
square. ‘Three metre squares were examined per treatment and gave 
the totals reproduced in Table 4. For convenience of tabulation, tubers 
occurring within the disturbed soil are represented as lying within the top 
3-inch layer of soil instead of the top 3-5 or 3:2-inch layer respectively. 
TaBLe 4. Viability of Tubers in Disturbed and Non-Disturbed Soil 
Land treated Nov. 24-27, 1937: Squares examined Jan. 1-2, 1938 
Guntaka Cultivator Control (no treatment) 
Total Per cent. Total Per cent. Total Per cent. Su 
Depth healthy viabi- healthy viabi- healthy viabi- 
(in.) tubers lity tubers lity tubers lity 
o-3 239 6 561 6 322 67 
3-6 614 69 847 71 <s7 78 
6-9 170 48 144 67 61 77 
g-12 38 71 45 73 20 65 ‘ 
12-15 es 9 II Ke i | 
ren 
Thus there was considerable variation in the concentration of tubers cor 
er metre square, but the effect was similar for both types of implement. | ney 
oe the comparison with the control squares, a heavy mortality of tubers | apy 
occurred in the disturbed soil. In only one square did the tubers extend } aft 
to a depth below 12 in. me 
In an attempt to discover why as many as 6 per cent. of the tubers in} in 
the disturbed soil survived the cultivation treatment, 13 clods of soil tut 
weighing from 1-4 to 10 kg. were dug out and exposed for 18 days. When} = Th 
the tubers were washed out and sown only one of 89 tubers was found} in 
to be viable. It does not appear that enclosure in dry soil will prevent} roc 
the mortality of tubers ates root-connexions are severed. Further} bef 
investigation indicated that some tubers lying in the disturbed soil, but} wo 
? 
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still retaining their root or rhizome connexion with the undisturbed 
soil below, were gathered when the loose soil was collected and tested. 
A detailed examination was made of the loose soil of 16 squares, the soil 
being carefully removed in order, as far as possible, not to break any 
connexions of the tubers with the lower uncultivated soil. The results 
obtained are given in Table 5s. 


TABLE 5. Detailed Examination of Disturbed Soil 


A Loose tubers B Tubers attached to rhizomes 
C = Tubers attached to roots D = Tubers attached to roots and rhizomes 
ea ese Total Tubers Vet. Viable Tubers 
' A B | C D 
Square 
No. y ie ig Vas | Bods | Meds eee ok. | wets ake 
I 664 4 14 2 16 6 
2 247 7 7 4 “8 4 4 
3 202 8 12 I I I 9 5 
4 88 I 6 I 8 5 
5 37 - 3 3 I 2 2 
6 160 I z ee 9 4 
7 105 I + 4 4 re 
8 157 I 3 I I 5 3 
9 155 2 5 15 5 
10 23 I 4 3 6 5 
II 13 ea 574 as oa 
12 421 8 10 . I 5 5 
13 190 6 3 2 2 2 16 15 
14 314 3 8 5 2 I 13 13 
15 309 4 II 8 12 II 
16 486 3 7 6 5 3 
Totals 3,601 50° 102 47 8 4 129 86 
Summarizing: 
Percentage germination of loose tubers ; ‘ ? : 1°4 
Total attached tubers : : ; ‘ , 239 


Percentage germination of attac hed tubers : 
Percentage germination of total disturbed eubere (detached 
and attached) . ; . ‘ ; ‘ ; ‘ 4'9 


Table 5 indicates that the cutting instrument had allowed tubers to 
remain unsevered in the disturbed soil. Of the total number of tubers 
contained in the loose soil about 5 per cent. still maintained their con- 
nexion with the water-supply of the subsoil. Of the tubers (3,601) that 
appeared to be without root-connexion 50 (1-4 per cent.) were viable 
after more than 2 months from the date of treatment. Since all experi- 
mental results have shown that tubers without access to water will die 
in 14 days, it is reasonable to suppose that the 1-4 per cent. of viable 
tubers that remained were connected in some way with a water-supply. 
The difficulties involved in attempting to separate tubers buried 
in clods of soil without severing what in many cases was a very fine 
root-connexion, must have caused this root-connexion to be broken 
before the tubers could be properly classified. ‘These connected tubers 
would thus be included in those without any connexion with the 





220 F. W. ANDREWS 


undisturbed subsoil. It was noticed early in these experiments that the an 
whippy nature of the rhizome allowed it, particularly in dry loose soil, 50) 
to bend round the tine-points of the cultivator and thus avoid severance. wa 


It is essential therefore that there should be considerable overla 
between one tine-point and its neighbour in the rank behind it. The 
degree of eradication of the weed will depend both on the efficiency of 
the cutting action and on the depth at which the cutting occurs. 


The matter was taken up on a commercial scale by the management - 





of the Sudan Plantations Syndicate, Ltd. which employed heavy tackle pl 
in the cultivation of about 1,400 acres in Abd er Rahman block, heavily 5 
infested by this weed. A 7/9 cultivator equipped with 12-in. tine-points _ 
arranged to give a 3 in. overlap was drawn by a 60-b.h.p. cable-operated Ye 
Diesel engine. per 
Twenty metre squares widely separated and chosen at random were | bo 
examined. h 
The depth of cultivation varied from 8-2 to 11-4 in. (average 10-0) but ~ 
greater uniformity of depth was noticed in this experiment. Table 6 a 
shows the effect of the treatment on mortality of the tubers. +h 
TaB_e 6. Viability of Total Tubers in 20 Squares — 
— i 
Depth Total tubers | Viable tubers | Per cent. viability i 
Disturbed soil : at 2754 15 0°54 all 
Undisturbed soil down | of 
to1zin. . : | 370 106 | 28-7 dif 
12-15 in. : ‘ ol 139 | 42 30° to 
tul 
Of total tubers, 84-4 per cent. were disturbed by the cultivator. It will} — en 
be noticed that quite a number of tubers occurred at 12-15 in. depth. lie 
It seems evident that the infested land was more permeable than that of | 
the Gezira Research Farm. inf 
A smaller area of infested land in Hamid en Nil block was treated is | 
with a disk plough, consisting of 5 disks, 24-in. diameter, drawn bya} of 
35-h.p. Diesel tractor. aet 
Examination of 18 widely-separated metre squares gave the following | thy 
results: crc 
TaBLeE 7. Viability of Total Tubers in 18 Squares a 
Depth Total tubers Viable tubers | Per cent. viability N 
Disturbed sol . . 1,421 4 Nil “i 
Undisturbed soil down an 
to1sin. . ‘ ; 61 8 13°1 are 
we 
Depth of ploughing varied from 11-4 to 14:8 in. (average = 13°5). Of| ” 
total tubers, the percentage disturbed by disk plough was 95:9. 
In this area also, the soil appears to be more permeable, and penetration 
to 15 in. is frequent. The extremely heavy mortality of the tubers in both 
areas as a result of the treatments will be noted. In the former area, the of 
cultivation operations were carried out in November—December, 1938, 
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and the area was examined in mid-July, 1939, before the cotton crop was 


sown in August. In the latter area, examination of the disturbed soil 
was made in April 1939. 


Discussion 


The above results show that complete killing of the tubers of Cyperus 
rotundus L. is possible provided a suitable cutting implement 1s em- 

loyed. 

A plough was not found to be as efficient in cutting the rhizomes as a 
series of overlapping tine-points arranged in ranks and attached to a 
cultivator-body. A plough, though it must perform a certain amount of 
cutting, principally turns the soil, and the rhizomes are able to bend 
with the turning soil without necessarily being severed. ‘The breaking-up 
and turning of the soil is not an essential part of the treatment, and on 
the soil of the Gezira Research Farm turning-up of the subsoil should 
be avoided. ‘The ideal requirement is a knife-blade travelling horizon- 
tally through the soil, cutting everything in its path. An approach to 
this ideal is given by ranks of heavily overlapping tine-points. Another 
important consideration for complete control is that the depth of work- 
ing of the instrument must remain constant below the depth of the 
lowest tuber. Variation in depth, even in a square metre, was shown by 
all the implements used, and it should be an essential part of the design 
of the cutting instrument that constant depth be maintained. Local 
differences in the hardness and texture of the soil cause the instrument 
to ride up and down as it proceeds through the soil. In consequence, 
tubers are left with unsevered roots, and the overlying loosened soil will 
enable these tubers to germinate during the rainy season, though they 
lie at depths at which in undisturbed soil germination would not occur. 

This method of control has been applied over large areas of heavily 
infested land in the Gezira with satisfactory results. ‘The cotton crop 
is normally sown towards the end of the rainy season. Dormant tubers 
of Nut Grass are thus able to produce luxuriant and well-established 
aerial growth before sowing begins. This aerial growth is weeded from 
the land when the annual weeds are cleared for the sowing of the cotton 
crop. The native instrument used for this purpose cuts the plants at the 
surface level only. Further aerial growth of Nut Grass is produced with 
great rapidity and cotton seedlings are often almost completely smothered 
in badly infested areas. ‘This circumstance, together with the use by the 
Nut Grass plants of a considerable portion of the available plant-food 
in the soil, produces small, yellow, cotton plants giving a low yield. In 
areas that have been successfully treated this preliminary and laborious 
weeding of Nut Grass is not necessary, and the cotton plants are able 
to grow to such a size as will suppress any Nut Grass that might appear. 


Summary 
1. A description is given of the habitat and vegetative arrangement 
of the Nut Grass plant in the Gezira. 
2. The principal source of perpetuation of this weed is the tuber. 
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3. It is shown that the tubers in the soil are able to survive in the dry 
season by means of a deep root-system which can tap a subsoil containing Mi 
a permanent water-supply. Severance of this water-supply during the ° 
dry season kills the me 
4. Control of this weed is obtained by cutting this root-system below 
the depth of the lowest tuber and allowing the severed tubers to remain 
in the dry soil for at least one month. 
REFERENCES Pl 
1. A. F. Josernu, Alkali Investigations in the Sudan. J. Agric. Sci., 1925, 15, 407. in 
2. S. K. RANADE and W. Burns, The Eradication of Cyperus rotundus L. Mem. Dept. | 
Agric. India, 1925, 13, 99. th 
3. E. V. SmitH and G. L. Fick, Nut Grass Eradication Studies. I. Relation of Life va! 
History of Nut Grass, Cyperus rotundus L. to possible Methods of Control. he 
J. Amer. Soc. Agron., 1937, 29, 1007. . 
4. F. W. ANnprews, A Study of Nut Grass (Cyperus rotundus L.) in the Cotton Soil of nu 
the Gezira. I. Maintenance of Life in the Tuber. Ann. Bot. N.S. 1940, 4, 177. ine 
5. W. Burns, The Eradication of Lavala (Cyperus rotundus L.) Bombay Dept. Agric. 
Ann. Rept. 1921-2, p. 95. 7 nu 
6. E. V. SmituH and E. L. Mayrton, Nut Grass Eradication Studies. II. The Eradica- 5 
tion of Nut Grass, Cyperus rotundus L., by certain Tillage Treatments. J. Amer. of 
Soc. Agron., 1937, 30, 18. 
(Received March 18, 1940) 
wl 
ca 
er 
gr 
m 
Va 
ab 
Sif 
lai 
W 
Va 
th 
th 
he 
ar 
O*\ 
be 
be 





XUM 








XUM 


MODERN EXPERIMENTAL DESIGN AND ITS FUNCTION 
IN PLANT SELECTION! 


F. YATES 
(Statistical Department, Rothamsted Experimental Station, Harpenden) 


1. Advantage of including a large number of varieties in field trials.— 
Plant-breeding trials differ from most other types of agronomic experiment 
in the large number of varieties or lines that are praltdlide for comparison. 

Obviously the greater the number of varieties included at any stage of 
the selection programme the less is the chance of some particularly good 
variety being rejected without trial. On the other hand, the comparisons 
between the individual varieties will be less accurate, owing to the smaller 
number of plots that can be devoted to each variety, and owing to the 
increased error per plot as the number of varieties is increased. 

Neglecting the latter factor entirely, and assuming that the total 
number of plots is fixed, the average genetic advance due to the selection 
of the apparently best variety, instead of a random variety, will be 

G £ 
G+dn”™ 
where n is the number of varieties, 
G is the genetic variance (distribution assumed normal), 
An is the experimental error variance, A being independent of 2, 
%,, is the mean value of the greatest deviate of a sample of n froma 
normal population with unit standard deviation. (‘Tabulated in 
[3]-) 

With A = ,G the optimum number of varieties will be 13, in which 
case the genetic variance will be somewhat less than the experimental 
error variance. With A = ;})G the optimum number will be somewhat 
greater than 50, and the genetic variance will be about twice the experi- 
mental error variance. In terms of the ordinary analysis of variance the 
variance ratios between varieties and error will average about 1-8 and 
about 3 respectively. The former is less than the value required to give 
significance at the § per cent. point. 

These simple considerations serve to emphasize the value of testing a 
large number of varieties with moderate accuracy instead of only a few 
with very high accuracy. In any series of trials involving only a few 
varieties which give varietal differences that are large compared with 
their standard errors the question should always be asked: would not 
the experiments have been improved if the same experimental resources 
had been devoted to the comparison of a larger number of varieties? 

When a large number of varieties has to be compared Latin squares 
are impossible, and randomized blocks begin to lose their efficiency 
owing to the large number of plots per block. In the past, attempts have 
been made to overcome this difficulty by the use of controls. It has now 
been shown [1], however, that except when the available amount of seed 


' Read at the Seventh International Genetical Congress, Edinburgh, August 1939. 
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of the new varieties is a limiting factor, the use of controls is unlikely to 
be as efficient as ordinary randomized blocks, however the controls are 
arranged, owing to the large amount of ground that must be devoted to 
the control varieties. 

The designs described here may be looked on as devices for making 
the new varieties act as controls for one another. In essence they are 
merely randomized blocks with certain additional restrictions which 
enable the fertility differences to be more fully eliminated. They do not 
introduce any additional complications in the field, and require only a 
moderate increase in the amount of statistical calculation over that re- 
quired for ordinary randomized blocks. 

These designs are of interest not only to the plant breeder, but in 
many other branches of biological experimentation. In animal work, for 
instance, they can be used to eliminate the effects of litters when these 
contain fewer animals than there are treatments, and at the same time the 
litter differences can be freed from treatment effects, and hence evalu- 
ated exactly. This alone opens a wide field for combined experiments on 
breeding and treatments. 

2. Classification of Designs—There are several variants of these 
designs, most of which can be included under the following heads: 


1. Quasi-factorial arrangements. 
2. Balanced arrangements in incomplete blocks. 
3. Lattice squares. 


Quasi-factorial and incomplete block arrangements possess the com- 
mon feature that the area under experiment is divided into blocks, cach of 
which contains only a few of the varieties. The arrangement is so made 
that it is possible to eliminate, either partially or completely, as desired, 
the yield differences resulting from differences in blocks. In the case of 
lattice squares each replication is arranged in a square, and differences 
between rows and columns of each square can be eliminated, as in a 
Latin square. 

3. The simple lattice —The simplest type of arrangement is the two- 
dimensional quasi-factorial arrangement, or simple ‘lattice’, and this will 
serve to illustrate the principles involved. It is best applied to a number 
of varieties which is a perfect square. 

Suppose, for example, we have 49 varieties, to be arranged in 6 — 
tions. We first construct the ‘lattice’ shown in Fig. 1, and assign the 49 
varieties to the intersections at random. Next, we divide up the 294 plots 
into 6 large blocks, each of which will contain a replication, and sub- 
divide each large block into 7 small blocks of 7 plots each. 

There will be two different types of replication. In the first type each 
of the small blocks will be made up solely of varieties falling in the same 
column of the lattice, i.e. having the second of the two index numbers the 
same. The columns will be assigned to the blocks at random and the 
varieties within the column will be assigned to the plots of the block at 
random. Thus the first block might contain column 5, the varieties being 
arranged in the order: 
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Fig. 2 shows a replication of this type. 

The other type of replication is exactly similar, except that the small 
blocks are made up of varieties falling in the same row of the lattice. The 
two types must be equally represented. 

It will thus be seen that as far as arrangement on the ground is con- 
cerned there is little difference from ordinary randomized blocks: there 
are merely a few additional restrictions in the arrangement. It is there- 
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fore of interest to note at this stage that the computations may be carried 
out as if the experiment were one in ordinary randomized blocks, using 
the ordinary varietal means as estimates of the varietal differences. 

If the small blocks are found to differ greatly among themselves, how- 
ever, these differences may be lieeiaitn tials from the varietal com- 
parisons in virtue of the special features of the arrangement. ‘To do this 
we set out the total yields of each variety in each type of replication in 
the manner of Table 1, taking the marginal totals. Then the fully adjusted 
yield of variety 11 will be 

h(a—}A+}A'+b—}B+}B’). 
A little consideration will show that this expression is independent of 
block differences and of varietal differences other than that of variety 11. 
Thus an increase 4 in the yields of all the plots of one of the column 
blocks containing the varieties x1 will increase a by an amount 6 and A 
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Fic. 2. Field layout of one replication of a 7 x 7 simple lattice. Ci 
by an amount 75: hence a—}A remains unchanged. Similarly, an increase g 
in the yield of variety 21 will increase both A and B’ by 3 times the c 
amount of the increase: hence —}A+}B’ remains unchanged. n 
n 
TABLE 1. Method of Eliminating Varietal Differences b 
7 Replic ations ; with column blocks Replications with row blocks 0 
C olumn of lattice Column of lattice 7 
2434369 Total R234 567 Total . 
© I a A’ = 2 b - B i 
= 2 2 aie = 
S 3 3S 3 | 
‘ 4 > ¢ i } 
- % . 2 
& 6 2 6 € 
7 aot 7 
Total A - Total B’ ¢ 
s 
A slight modification of the analysis of variance is also necessary in I 
order to evaluate the errors of the fully adjusted yields. ‘The details are ( 
given in [1]. 
By this method of computation we have rejected entirely the informa- 
tion provided by the comparisons between plots falling in the different 
small blocks, whereas by analysing the experiment as if it were one in 1 
ordinary randomized blocks we have given equal weight to all comparisons. 
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In general the most accurate estimates will lie somewhere between the 
two sets of estimates thus obtained, since the comparisons between plots 
falling in different blocks will be less accurate than those between plots 
falling in the same block, but will still provide some information. 

The best estimates are therefore given by a weighted mean of these 
two sets. ‘These may be called the partially adjusted yields. ‘To make this 
procedure possible, the experiment must be sufficiently large to furnish 
an estimate of the relative accuracy of inter- and intra-block comparisons, 
a knowledge of which is necessary to determine the proper weighting. 

Although the procedure of weighting sounds somewhat elaborate, it 
does not actually require appreciably more computation than does the 
calculation of the fully adjusted yields, for a somewhat different method 
of computation has been devised which gives the partially adjusted yields 
directly without any calculation of the fully adjusted yields. 

The origin of the term ‘quasi-factorial’ may here be noted. If we took 
all combinations of two factors each at 7 levels and confounded the main 
effects of one factor in one set of replications, and the main effects of the 
other in the other set, we should arrive at an arrangement exactly similar 
to that described. 

4. Other lattice designs utilizing randomized blocks——There are a 
number of variants and elaborations of the simple lattice. One is the 
three-dimensional lattice, in which the number of varieties should form 
a perfect cube. The varieties are then allotted to the intersections of a 
cubic lattice, the three sets of lines of the lattice give three sets of 
groupings into blocks. The cubic lattice requires rather more elaborate 
computations than the two-dimensional lattice, but is useful when the 
number of varieties is very large. A preliminary account of an experi- 
ment on 729 (= 9°) strains of ps eee pine seedlings arranged in 
blocks of g plots is given in [2]. 

Returning to the two-dimensional lattice, we may introduce a third set 
of lines in the lattice bearing a Latin-square relationship to the other two 
sets, and use these to give a third type of replication. We then obtain a 
lattice diagram of the type shown in Fig. 3. This is called a triple lattice; 
as might be expected it somewhat improves the accuracy of the design, 
but at the expense of greater elaboration in the computations. 

The process may be continued until, with a 77 lattice, 8 sets of 
lines, giving 8 different types of replication, are included, all of which 
have the property that each line of any one set intersects all the lines of 
each other set once and once only. We then arrive at a balanced lattice. 

In balanced designs comparisons between all pairs of varieties are of 
equal accuracy and the computations are particularly simple. Con- 
sequently balanced designs should always be used when the number of 
replications is sufficient and when they are combinatorially possible. The 
combinatorial problem is equivalent to finding a complete set of ortho- 
gonal squares. This is known to be possible for primes and powers of 
primes and has been shown to be impossible for squares of side 6. Com- 
plete sets of orthogonal squares of sides 3, 4, 5, 7, 8, and g are given in [3]; 
the key combinations from which sets of squares of sides 16, 25, 27, 32, 
49, 64, 81, and 125 can be formed are given in [4]. 
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5. Balanced Incomplete Block Designs.—Balanced lattices are a special 
type of the more general balanced incomplete block designs. In balanced 
incomplete blocks the number of varieties is not necessarily an exact 
multiple of the number of plots in a block. The necessary condition for 
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Fic. 3. 77 Triple lattice. 


balance is that every = of varieties occurs together the same number of 
times in a block. Thus, to take a simple example, 7 varieties may be 
arranged in 7 blocks of 3 plots in the following manner: 


abc bdf _—_—cef 
ade beg 


afg cdg 


The combinatorial problems to which these designs give rise are quite 
complex. An index of possible designs with the known solutions is given 
in [3]. 

Boose balanced designs are of some interest in co-operative varietal 
trials on commercial farms, where each farm can undertake only a small 
experiment, but where a large number of farms are willing to co-operate. 
Thus 13 varieties may be compared in balanced sets of 4 at 13 farms, each 
farm testing one set of 4 varieties. At each farm the comparison might be 
made by means of a 4 x 4 Latin square. Such experiments, if repeated in 
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different districts and on different soil types, should lead to far more 
rapid and certain determination of the most suitable varieties than many 
of the methods at present adopted. 

6. Lattice squares—The balanced lattices give rise to another type of 
design of very considerable importance in agriculture, namely lattice 
squares. ‘The 7x7 balanced lattice already described gives eight sets of 
lines in all, so that if on the ground we set out four 7 x 7 squares of plots, 
we may allocate the varieties to these squares in such a manner that the 
varieties that compose the rows of the four squares correspond to four of 
the sets of lines, and the varieties that compose the columns correspond 
to the other four sets of lines. Thus the blocks of the 8 replications of the 
ordinary balanced lattice are replaced by the rows and columns of the 
four lattice squares. Every pair of varieties will occur together in one and 
only one row or column. Row and column differences may then be 
eliminated entirely, as in an ordinary Latin square. As before, the infor- 
mation contained in the row and column comparisons may also be utilized. 
If 8 replications are employed, the rows ” one set should correspond 
to the columns of the other, for the row and column comparisons will 
then be equally represented in all varietal comparisons. 

7. General remarks.—Nothing has yet been said on the actual gain in 
accuracy that may be expected Deen the use of these designs. This gain 
is, of course, very variable, and may range from zero to 100 or more per 
cent. The important point to realize is that the designs can never be oes 
accurate than ordinary randomized blocks, and that when no appreciable 
gain results they can be treated as ordinary randomized blocks. Thus 
nothing can be lost by adopting them, and in many cases substantial gains 
in accuracy will be obtained. 

An important development in quasi-factorial and incomplete block 
designs, which has at present been little investigated, is the introduction 
of subsidiary treatments such as fertilizers, seeding rates, &c., which can 
be applied to the separate blocks. In plant-selection work such variation 
in environment is of the utmost importance if a proper relation between 
environment and genetic type is to be evolved. 

It is sometimes thought that the modern designs involving a large 
number of small plots will not provide material for quality tests, which 
are so important in most plant-selection work. It should perhaps be 
emphasized that the bulking of all the plots of a single variety for quality 
tests must give as good or better results as a single plot of an equivalent 
area sown under that variety. 

The description here given of the various types of design is intended 
only as an outline, which will serve to give some idea of the types of 
design available, the occasions on which they can be useful, and the 
methods of laying them out. In particular it is hoped that enough has 
been said to show that the designs are very flexible and can be adapted to a 
great variety of practical conditions. 

No attempt has been made in this paper to describe the details of the 
methods of computation. Table 2 gives the references to publications in 
which descriptions of the appropriate methods will be found. 
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TABLE 2. Literature References to Methods of Computation 


Description 
Type of design of design 
a Simple lattice . F {1}, [5], [8] 
Pic | Triple lattice. , {1], [8] 
\Balanced lattice [s], [6], [8] 
Three-dimensional (cubic) lattice . [1], [5], [8] 
Balanced incomplete blocks . - | [3], Gs], [6], [8] 


Lattice squares . : ; ‘ [7], [8] 


w 


Description of method of 


computation 
Fully Partially 
adjusted adjusted 
ytelds ytelds 
[1], {s] (a) 
1] (a) 
[5], (6) (b) 
{1}, (5] [9] 
[3], [s], (6) (6) 
[7] [10] 


(a) Description to be published shortly by members of the Statistical Department 
of Iowa State College, Ames, Iowa. 


(6) Description to be published shortly in England. 
REFERENCES 


Varieties. J. Agric. Sci., 1936, 26, 424-55. 


. F. Yates, A New Method of Arranging Variety Trials involving a Large Number of 


B. B. Day and Li. Austin, A Three-dimensional Lattice Design for Studies in 


Forest Genetics. J. Agric. Res., 1939, 59, 101-19. 


tural Research, 1938. Edinburgh: Oliver and Boyd. 











. R. A. Fisuer and F. Yates, Statistical Tables for Biological, Medical, and Agricul- 


4. W.L. Stevens, The Completely Orthogonalized Latin Square. Ann. Eugenics, 1939, 
9, 82-93. 

5. C. H. GouLpeNn, Methods of Statistical Analysis, 1939. New York: John Wiley 
& Sons, Inc. 

6. F. Yates, Incomplete Randomized Blocks. Ann. Eugenics, 1936, 7, 121-40. 

re A Further Note on the Arrangement of Variety Trials: Quasi-Latin Squares. 
Ann. Eugenics, 1937, 7, 319-31. 

8. The Design and Analysis of Factorial Experiments. Imp. Bur. Soil Sci., 
Tech. Comm. No. 35, 1937, p- 9I. 

9. The Recovery of Inter-block Information in Variety Trials arranged in Three 
Dimensional Lattices. Ann. Eugenics, 1939, 9, 136-56. 

10. Lattice Squares. J. Agric. Sci. (accepted for publication). 








(Received April 25, 1940) 








So 


pr‘ 
lat 
fir: 
ab 


pr 
of 
pli 


vo 


ab 





XUM 


BRITAIN’S SUPPLIES OF FEEDING-STUFFS 
NORMAN C. WRIGHT 
(The Hannah Dairy Research Institute, Kirkhill, Ayr) 


SoME two years ago an estimate was made [1] of the supplies of home- 
produced and imported feeding-stuffs available for the live-stock popu- 
lation of the United Kingdom. This estimate probably represented the 
first attempt to assess the quantities of nutrients derived from all avail- 
able sources, including those from grass-land. 

The war has brought the subject of animal feeding-stuffs into special 
prominence, and it has therefore seemed desirable not only to revise and 
bring up to date the figures in the earlier paper, but to summarize some 
of the more important factors which are likely to affect war-time su 
plies. ‘The subject will be dealt with under three general heads: (i) the 
volume and countries of origin of pre-war supplies; (ii) certain general 
principles governing war-time supplies; and (1i1) the allocation of avail- 
able supplies to the various classes of live stock. 


Volume of Pre-War Supplies of Feeding-stuffs 


The author’s earlier estimate of the total supplies of feeding-stuffs 
available in the United Kingdom was based on pa for a single year, 
i.e. 1935. In revising this estimate, average figures for the five-year 
period 1934-8 have been used. This eliminates casual fluctuations 
resulting from poor harvests, price variations, and other similar factors. 
Details of the revised estimate are given in Table 1 (p. 244): the methods 
used in arriving at the various figures are substantially t ug same as those 
quoted in the previous paper [1]. 

The revised figures in Table 1 agree closely with the estimates for 
1935; those for total supplies are slightly higher, i.e. they show an 
increase of about 200,000 tons in protein equivalent and of about 
400,000 tons in starch equivalent, but such increases only represent 
changes of the order of from 2 to § per cent. ‘The increases in certain items 
of home production (e.g. roots and green crops) are due to the inclusion 
of sources of supply previously omitted; they are, however, partly 
counterbalanced by the fact that the a yields of hay were higher 
for 1935 than for the five-year period 19 934-8 . The all-round increases 
in imported cereals and concentrates reflect a — tendency which 
has been operating for the past ten years (see Fig. 1, p. 235). 

Considered broadly, two main conclusions ed. be drawn from 
Table 1. First, the table shows clearly the preponderating importance 
of grass-land as a source of nutrients for British live stock. Grazing is 
estimated to supply over 47 per cent. of the total protein equivalent and 
over 45 per cent. of the total starch equivalent, whilst the inclusion of 
hay raises both these figures to just under 60 per cent. The gradual 
change-over of British agriculture from arable to grass farming has, of 
course, long been recognized, but the true magnitude of the contribution 
of grass-land to live-stock feeding is seldom appreciated. 
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Secondly, if we include the products of both arable land and grass-land, 
home agriculture produces roughly three-quarters of the total available 
supplies of feeding-stuffs, and imports account for only one-quarter, 
This is directly contrary to the frequently expressed view that Britain is 
largely dependent on imported feeding-stuffs. Such a statement, how- 
ever, requires qualification. ‘Table 1 shows that, out of the total home 
production, roughly 80 per cent. of the protein equivalent and 75 per 
cent. of the starch equivalent are derived from grass. The fact that 
ta products form so large a Fe of the home-produced 

eeding-stuffs implies that home production is essentially seasonal and 

that, although no shortage of nutrients will normally occur during the 
grazing season, the country will inevitably face a serious shortage during 
the winter months unless additional supplies of cereals and concentrates are 
available from other sources. 

Moreover, a further factor must be taken into account. In Table 2 
an attempt has been made to estimate the total feeding-stuffs require- 
ments of the country’s live stock (by applying recognized feeding stan- 
dards to the total live-stock population) and, by using Middleton’s 
data [2], to arrive at the quantities of each of the three main groups of 
feeding-stuffs which are required for the various classes of stock. The 
total estimated requirements given in Table 2 (p. 245) agree remarkably 
well with the total estimated supplies given in Table 1, and the alloca- 
tions between cereals and concentrates, roots and straw, and grass and 
hay, also show good agreement.' But from the point of view of war-time 
needs the vital point brought out in this table is that two classes of stock, 
pigs and poultry, rely almost entirely for their nutrients on the supplies of 
cereals and concentrates. An examination of the relevant figures in 
Table 1 shows, however, that only some 25-30 per cent. of such 
concentrated feeding-stuffs are home-produced, and it is clearly imprac- 
ticable for the very large balance to be made up by increased home 
production. 

Any substantial curtailment of Britain’s imports of feeding-stuffs will, 
therefore, not only result in a severe shortage of nutrients suitable for 
winter feeding, but will create particularly serious difficulties for the pig 
and poultry industries. It therefore appears logical as a first step to 
examine the probable effect of the war on the supply of imported feeding- 
stuffs. 

Countries of origin of imported feeding-stuffs—In any attempt to fore- 
cast the effects of the war on the supply of imported feeding-stuffs, it 
is necessary to differentiate pre-war to according to their sources 
of supply and to determine the probable influence on these of the two 
main factors which limit imports, i.e. currency and shipping. 

As regards currency, it will suffice to distinguish between imports 


1 'The discrepancy between the estimated requirements and the supplies of roots and 
straw probably arises from two causes: (i) the fact that Middleton’s estimate refers to 
1914-18, since when the acreage of roots has fallen by almost 50 per cent., whilst the 
grass acreage and the supply of imported cereals and concentrates has increased 
proportionately, and (ii) the probability that the published analyses of roots (and 
possibly straw) fail to indicate their true feeding-value. 
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derived from the Empire and from foreign countries. ‘Table 3 shows the 

re-war values of the chief classes of feeding-stuffs grouped on this 
mag It will be seen that, whereas about two-thirds of the expenditure 
on cereal products is incurred in purchases from foreign countries, 
exactly the reverse holds for oilseed products, two-thirds of which are 
purchased from the Empire. If Egyptian cotton-seed products are added, 
the value of oilseed products derived from countries on the sterling basis 
is raised to over four-fifths. From the point of view of currency, it 
would therefore appear that the importation of oilseeds and oilseed 
products would involve less difficulty than the importation of cereals. 
It may incidentally be noted that, of the countries which export food to 
Britain, the Argentine contributes the largest individual quota of both 
feeding-stuffs and meat, her exports accounting for over one-third of 
the total value of imported feeding-stuffs and over a quarter of the value of 
imported meat. It seems probable that, if currency were a limiting 
factor, the importation of meat would be given preference, and supplies 
of feeding-stuffs (and particularly of maize) would be seriously reduced. 
Before the war the Argentine supplied practically 80 per cent. of 
Britain’s imports of maize (‘Table 4, p. 246) 

In general, however, it seems unlikely that lack of currency will be 
a factor of major importance in limiting the imports of feeding-stuffs. 
The total sum involved ({£55,000,000 per year) is relatively small in 
comparison with the value of Britain’s total food imports: indeed, it 
amounts to only about one-third of the sum spent on the importation of 
animal products. The importation of such feeding-stuffs is, moreover, 
of special importance in that it makes possible the more economic 
utilization of our own coarse feeding-stuffs, thereby facilitating the home 
production of animal products to the value of nearly £200,000,000. 

Limitation in the shi ping space available for feeding-stuffs, which 
are relatively bulky, is likely to = a far more serious factor in curtailing 
imports. In order to provide some indication of the shipping problems 
involved, the pre-war imports of the more important feeding-stuffs have 
been classified in Table 4 (p. 246) according to their areas of origin. For 
this purpose the countries have been grouped into seven main geo- 
swahicel zones, corresponding to certain well-defined shipping routes. 
The respective mileages of these routes (assuming the Mediterranean 
route to be closed) are roughly as follows: North America, 3,000 miles; 
South America and South Africa, 6,000 miles; Australia, New Zealand, 
India, and the Eastern Mediterranean (the two latter via the Cape), 
12,000 miles. The re-opening of the Mediterranean would reduce the 
route from the Eastern Mediterranean to 3,000 miles and from India 
to 6,000 miles. 

It will be seen from Table 4 that North and South America provide 
the bulk of the cereals and cereal products, these two areas together 
furnishing two-thirds of the imported supplies. As regards individual 
cereals, the Argentine contributes 80 per cent. of the maize and nearl 
30 per cent. of the wheat offals. The Empire’s contribution of Rho- 
desian maize is relatively small. The greater part of the balance of wheat 


offals and the bulk of imported oats and barley are derived from two 
3988.31 Q 
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Empire countries, viz. Canada and Australia, though the United States 
also contributes part of the supplies of these cereals. India’s cereal 
imports consist largely of rice-meal, but her most important contribution 
to British supplies of feeding-stuffs consists of oilseeds and oilseed 
products, notably ground-nuts and linseed. ‘The former are imported 
as both unextracted nuts and cake, the latter chiefly as unextracted seed. 
Cotton-seed products are largely imported (about two-thirds as un- 
extracted seed) from Africa, and particularly from Egypt, Kenya, and 
Anglo-Egyptian Sudan. Copra (coconut) and palm kernels are derived 
from a wide group of Empire countries stretching from Africa to the 
Malay States and Australia. ‘The supplies of rape-seed and soya-beans 
are, on the other hand, chiefly imported from foreign countries, but the 
volume of such imports is comparatively small. 

Taken as a whole the figures in Table 3 again show the very large 
contribution made by the Argentine to Britain’s supplies of feeding- 
stuffs, some 40 per cent. of the pre-war imports being derived from this 
one country.! From the point of view of shipping, both North and South 
America (which between them supply nearly two-thirds of the total 
imports) are ideally situated. If currency were available there would be 
obvious advantages in continuing to import the bulk of our supplies of 
feeding-stuffs from the American continent, though (since American 
imports consist chiefly of cereals) this would inevitably result in an 
imbalance between the protein and energy of the available nutrients. 

It will be apparent that the effects of currency and of shipping on 
imports of feeding-stuffs are likely to be conflicting: currency considera- 
tions favour the importation of oilseeds and oilseed products: limitations 
of shipping, on the other hand, favour cereal imports. Since a very 
similar situation had to be faced in the last war, an examination of the 
changes in imports of feeding-stuffs between 1914 and 1918 may provide 
some indication of the probable trend of imports during the present war. 

In Fig. 1 the changes in imports of feeding-stuffs during the period 
1911~38 are shown in two different ways. ‘The two lower curves illus- 
trate the variations in the total imports of nutrients derived from the 
two chief classes of feeding-stuffs, i.e. cereals and oilseeds, the combined 
nutrients from these two sources being expressed for convenience in 
terms of both protein and starch equivalent. ‘The imports for the year 
1911 have been taken as 100, and the curves therefore illustrate the 
percentage changes which occurred from year to year. 

It will be seen that the effect of the war was to reduce very markedly 
the imports of both protein and starch equivalent, the supplies falling 
to a minimum in 1918, when the imports attained only about half the 
pre-war level. Recovery to this latter level was relatively slow, and 
even after 1923 the supplies showed marked variations from year to 
year.2 It is interesting to note that the supplies of starch equivalent 
actually remained below the rg1t level “a 1931. Since that date a 
significant and progressive increase has taken place, the 1936-8 imports 
being about 20 per cent. above the rgrt level. Fig. 2, representing 
' The supplies from other South American countries are comparatively very small. 
2 Prior to 1923 the figures cover the trade of the British Isles as a whole. 
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cs the corresponding changes in Britain’s live-stock population, shows 
al that the latter ran roughly parallel to the changes in the supplies of 
a feeding-stufts. 
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Changes in the imports of feeding-stuffs into the United Kingdom, 1911-38. 


The immediate point at issue is, however, not merely the extent of 
reduction, but the classes of feeding-stuffs in which the reduction took 
place. The fact that the curves for the protein and starch equivalent run 
parallel is presumptive evidence that the general nature of the imports 
did not change materially. ‘This is confirmed by reference to the two 
upper curves, which show the proportions of protein and starch equi- 
valent derived respectively from cereals (left-hand indices) and oilseed 
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seg (right-hand indices).! In general both curves run remarkably 
evel, indicating that there were no drastic alterations in the proportions 
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of nutrients derived from the two classes of feeding-stuffs. There is a 
slight but significant fall in both curves in 1918-19, indicating that the 
imports of cereals were reduced to a lower level than the imports of 


1 A few minor sources of supply have been omitted. Since cereals and oilseed 
products account for the whole of the remaining imports, the percentages contributed 
by these two classes of feeding-stuffs are exactly inverse. 
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oilseed products. This is also apparent from the two lower curves, where 
it will be seen the starch equivalent fell to a lower level than the protein 
equivalent, cereals being relatively higher in energy and oilseed products 
relatively higher i in protein content. 

The magnitude of these changes may, perhaps, be more readily 
appreciated by reference to the actual tonnage of feeding-stuffs imported 
between 1913 and 1920. ‘Table 5 (p. 247) gives a summary of the rele- 
vant figures. It will be seen that of the cereals, maize shows the most 
drastic reduction, the imports in 1918 being reduced by nearly 70 per 
cent. in comparison with those of 1913. ‘The reduction in ‘other cereals’ 
is nearly as great (i.e. by 64 per cent.), but the figures for wheat offals 
indicate only a 45 per cent. reduction. The latter figure is, however, mis- 
leading; it is calculated on the assumption that the whole of the imported 
wheat was milled and that the extraction-rate was normal (say 70 per 
cent.). In reality the serious shortage of cereals available for human 
consumption led to the raising of the extraction-rate by March 1918 to 
over go per cent., the average for the full year being 85 per cent.! This 
would halve the estimated supplies of wheat offals available in 1918. 
Similar though less drastic steps had to be taken in both 1917 and 1919. 
As regards oilseed products, it may be noted that although the imports 
of cake and meal were reduced by 1918 to a negligible figure, the reduc- 
tion in oilseeds and nuts was relatively small, i.e. by about one-third of 
the rg11 figure. This (as will be shown later) was due to the necessity 
for importing seeds and nuts in order to supply adequate quantities of 
vegetable oils. It is questionable whether, with the modern alternative 
of whale oil and the development of hydrogenation, the same argument 
would hold in the present war. 

To summarize, it may safely be assumed that, as a result of shortage 
of shipping and of currency restrictions, there will be an all-round 
reduction in the imports of all classes of animal feeding-stuffs. There 
is insufficient information as to whether cereals or oilseed products will 
suffer most, but from a consideration of the experience of the last war 
and of other relevant factors, it seems probable that the pre-war pro- 
portions of cereals and oilseed products will remain more or less un- 
altered. 


The Choice of War-time Supplies of Feeding-stuffs 


Since war-time imports of feeding-stuffs are bound to be aga 
curtailed, it is important to decide which classes of feeding-stuffs will 
be of most value to the country under war conditions. Such a decision 
will not only lead to economies in shipping space by confining imports 
to the most useful commodities, but will provide guidance to those 
responsible for stimulating home food-production. In this connexion, 
three main principles should be borne in mind: (i) It is desirable as far 
as possible to import those products which can, if necessary, be used 


' This policy has been advocated as a health measure for the present war by the 
Scientific Adviser to the Ministry of Food. It would incidentally result in a reduction 
of feeding-stuffs corresponding to nearly 100,000 tons of protein equivalent and 
500,000 tons of starch equivalent. 
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directly for human consumption. Live stock vary in their ability to 
convert feeding-stuffs into human food, but even the most efficient can 
convert only a fraction of the total energy contained in the feeding-stuff, 
In the event of a serious shortage of food occurring in Britain, it would 
clearly be advantageous to be able to divert animal feeding-stuffs to 
direct human consumption. (ii) In planning for an increase in the home 
production of feeding-stuffs, those crops should be grown which can 
readily be stored for winter use, since (as already noted) the real problem 
in a country which is largely dependent on grass-land farming is to cover 
the needs of live stock during the period when the production of grass 
is minimal. (iii) The imports of feeding-stuffs, which are extremely 
uneconomical in shipping space, should preferably be confined to 
countries separated from Britain by relatively short sea routes.' 

If these principles are accepted, certain points are clear. As regards 
imports, the supplies of feeding-stuffs should as far as possible be drawn 
from the American seaboard and from South and West Africa, which 
have the shortest sea routes. More distant suppliers (e.g. Australia and 
New Zealand) should be encouraged to export the finished products 
(e.g. milk products, eggs, and meat) rather than cereals. In choosing 
between the various cereals, wheat should be favoured in preference to 
maize, since it forms a reserve which can, in an emergency, be diverted 
to our staple foodstuff, bread. Excluding supplies from the Baltic coun- 
tries, which are now cut off from Britain, the countries of North and 
South America already supply two-thirds of our wheat imports. 

The supply of oilseeds must be placed in a different category. ‘These 
are primarily required for the extraction of oil for industrial purposes 
(glycerine and technical oils) and for edible-fat production, and the oil- 
seed cakes and meals are merely by-products of these requirements. So 
long as shipping space is available, it is clearly desirable to maintain the 
imports of oilseeds at a high level, though this argument can hardly apply 
to the importation of the extracted products. It may be noted that the 
whole of the African oilseed imports and nearly two-thirds of the Indian 
and Egyptian oilseed imports are in the form of seeds and nuts (i.e. a 
combined total of 1,270,000 tons out of 1,740,000 tons). It is unlikely 
that the extraction plants overseas could deal with such vast additional 
quantities of material, so that imports of the unextracted seeds and nuts 
would appear to be essential not only to Britain but to the exporting 
countries. In an extreme emergency, however, it is probable that alter- 
native sources of pure fat would have to be shipped to Britain, so that 
supplies of the protein-rich oilseed cakes and meals might become 
extremely scarce. This fact re-emphasizes the need for exploring 
alternative sources of protein for live stock. 

As regards home production, the obvious course to adopt is to in- 
crease the acreage of arable land in order to expand the home production 
of cereals and potatoes, and possibly of sugar. All these crops give a high 


1 As an indication of the relative shipping space occupied by feeding-stuffs in com- 
parison with, say, meat, it may be noted that, according to Middleton [2], it requires 
five times as much tonnage to import a given quantity of cereals as to import the meat 
which could be produced from such cereals. 
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energy output per acre, all of them can if necessary be utilized for direct 
human consumption, and all of them are capable of forming valuable 
additions to the supplies of animal feeding-stuffs if they are not required 
for the human population. Moreover they fulfil the additional criterion 
that they are all capable of being satisfactorily stored for winter use. 
The disadvantage of such a policy is that it tends to provide energy at 
the expense of protein. This point will be appreciated if a rough estimate 
is made of the comparative yields of grass-land and of the same land 
devoted to arable crops. 

The ploughing-up campaign carried through during the present 
season has resulted in a net turnover of 2,034,000 acres from grass to 
arable land. No official statistics have been issued of the increased 
acreage of individual crops, but experience in the 1918 ploughing-up 
campaign, modified by existing price-levels, will enable a tentative 
estimate to be arrived at. Such an estimate gives the following balance 
of total nutrients: 

Available nutrients 


Protein Starch 
equivalent — equivalent 

(‘000 (000 
tons) tons) 

(a) Nutrients produced on newly ploughed acreage: 
Cereals, including straw . , : : 110 1,030 
Potatoes ‘ : 5 : : ‘ 10 195 
Fodder crops ‘ j : , ‘ 25 215 
145 1,440 

(b) Nutrients lost from ploughing-up of grass-land: 
Rotation grass-land ‘ : ; F 95 450 
Permanent grass-land ‘ i : 110 705 
205 1,155 


It will be seen from these figures that, taking the total output of 
nutrients from the newly ploughed acreage and balancing this against 
the loss of nutrients from the reduced grass acreage, there results a net 
increase of just under 300,000 tons of starch equivalent and a net 
decrease of 60,000 tons of protein equivalent. From the point of view 
of the feeding of live stock, however, it must be assumed that only the 
nutrients of the wheat offals, the oats, barley, and straw, and the fodder 
crops will be available. ‘This will reduce the output of nutrients for stock- 
feeding to about 120,000 tons of protein equivalent and 1,100,000 tons 
of starch equivalent, resulting in net reductions in both the protein and 
starch equivalents of between 50,000 and 100,000 tons. This is, of 
course, a small loss in comparison with the total available supplies of 
nutrients shown in ‘Table 1, but at a time when imports of feeding-stuffs 
are being seriously reduced, the result does not at first sight appear 
favourable. 

There is, however, no doubt that in the long run the advantages 
of the ploughing-up policy will outweigh its disadvantages. In the first 
place the policy makes available for direct human consumption the output 
of a large area of land which would otherwise only produce grass. It is 
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usually reckoned that at least 5 lb. of feeding-stuffs are necessary to 
te po 1 lb. of edible animal products, so that the diversion of grass- 
and to arable will, on the basis noted above, in effect provide at least 
a fivefold increase in the energy potentially available for feeding the 
ay 806 in an emergency. In the second place the ploughing-up 
policy has tended to level out the quantities of nutrients available respec- 
tively for summer and winter feeding so that, in the event of a ve 

severe shortage of imported feeding-stuffs, food for stock (though still 
in inadequate quantities) will be available all the year round. This point 
is illustrated in the following table, where the pre-war supplies of home- 
produced feeding-stuffs are compared with the estimated supplies for 1940: 


Nutrients from cereals, 
roots, hay, and home- 


Nutrients from grazing produced by-products 
(summer feeding) (winter feeding) 
(’000 tons) (7000 tons) 
Protein Starch Protein Starch 
equivalent equivalent equivalent equivalent 
1934-8 average ‘ , 1,728 9,810 944 6,883 
1940 estimate ‘ ‘ 1,523 8,655 1,076 8,319 


It will be seen that, as regards energy, it is estimated that the seasonal 
difference of some 40 per cent. in the years 1934-8 will be reduced to 
only 4 per cent. in 1940. The protein position in 1940 will, of course, still 
remain unsatisfactory, but even here the ploughing-up policy, while 
reducing somewhat the total output of protein, will tend to level out the 
discrepancy between summer and winter supplies. The importance of 
this aspect of the ploughing-up policy cannot be over-stressed. As 
Middleton [2] wrote of the last war, ‘the difficulties which stock-owners 
experienced in the winter of 1918-19 have shown what would have 
happened to the country’s flocks and herds had the war continued. The 
inevitable reduction in the numbers of live stock, which must have taken 
place, would have been brought about, not by the ploughing of part of 
the grazing areas, but because of the insufficiency of winter fodders and 
feeding-stuffs’ . 

One further point may be noted in regard to the ploughing-up cam- 
paign. Whereas the immediate result of converting grass-land to arable 
is an appreciable reduction in the total nutrients available for stock- 
feeding, the long-range effect is a marked increase in the output of grass 
from the ploughed-up land. This is clearly seen in the official yields of 
hay from rotation and from permanent grass-land (28 cwt. of hay com- 
pared with 20 cwt. per acre), and still more in the author’s estimates of 
the nutrients derived from rotation and permanent grazing, where the 
yields of starch equivalent per acre are placed at 21 cwt. and g cwt. 
respectively. 


The Allocation of Feeding-stuffs to Live Stock 


In order to secure maximum economy in the use of such feeding- 
stuffs as are available, it is essential to decide on a definite order of 
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priority in the allocation of supplies to the different classes of stock. 
Only by such means will it be possible to avoid the danger of persistent 
under-feeding, which had such adverse effects on the output of animal 
products in Germany in the last war [3]. In arriving at the order of 

riority, various factors must be taken into account. 

The first essential is to arrange for the supply of animal products in 
accordance with the nutritional requirements of the human population. 
It has already been noted that supplies of energy can be obtained most 
cheaply and economically from the direct consumption of cereals. The 
function of animal products should be limited to supplying animal pro- 
tein and part of the dietary fats, minerals, and vitamins. ‘That is to say, 
animal products should be one of the main sources of the ‘protective’ 
foods. From this point of view the value of milk and milk products 
(particularly cheese) is outstanding. Eggs are of special value in adult 
nutrition, and also in invalid diets and in cooking. Meat is of secondary 
importance; bacon and butter form valuable but not essential sources 
of fat. 

The extent to which the home production of any of these commodities 
should be stimulated must, however, also depend partly on the volume 
and nature of the imports of animal products. It will therefore be in- 
structive to examine the pre-war supplies and to determine, as far as 
possible, how far these are likely to be affected during the war period. 

Table 6 (p. 248) gives a summary of the total supplies available from 
all sources in 1938, and the areas of origin of the chief imports of animal 
products. The figures may be examined from two aspects: (i) the rela- 
tive contributions made by imports and by home produce, and (11) the 
extent to which pre-war imports from individual countries are likely to 
be curtailed during the present war. 

It will be seen that there are only two commodities, poultry and 
eggs in shell, in which the volume of home produce exceeds that of 
imported produce. Our greatest dependence on overseas supplies is 
in milk products, the proportion of such imported produce (exclud- 
ing, of course, liquid milk, which is entirely home-produced) being 
well over 75 per cent. of the total supplies. In view of the high nutri- 
tive value of milk and milk products, it is clear not only that imports 
should be maintained at as high a level as possible, but that home pro- 
duction should be substantially increased. The need for this is given 
greater emphasis if reference is made to the countries of origin of pre- 
war imports. It will be seen that practically half the imports of butter 
and well over three-quarters of the imports of condensed milk were 
previously obtained from the Baltic and Low countries, which are now 
completely cut off from Britain. Our pre-war dependence on these 
countries for supplies of eggs and of bacon is also apparent. As regards 
eggs, it is true that the home industry provided slightly more than half 
the total supplies of eggs in shell, and that the inclusion of liquid and 
dried eggs reduces somewhat our dependence on European imports. 
Preserved eggs are, however, chiefly derived from the Far East, and 
their importation is therefore likely to be limited during the war through 
shortage of shipping. 
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If imports of milk products, eggs, and bacon, are to be maintained at 
a reasonably high level, it will be essential to seek new sources of supply. 
No exportable surpluses are at present available from Empire countries. 
Australia and South Africa already export 97-9 per cent. of their surplus 
eggs to Britain. Eire previously exported some 15 per cent. of her eggs 
to Germany (amounting to about 36 million eggs per annum), but, even 
if she can secure feeding-stuffs to maintain her production, this quantity 
represents only about 0-5 per cent. of Britain’s total requirements. 
Butter and cheese are similarly placed: New Zealand and Australia 
consign from 95 to 100 per cent. of their exports of these two commo- 
dities to Britain, whilst Canada sends us go per cent. of her exports of 
both cheese and bacon. The Empire is, in fact, a net importer of all 
these animal products. No other countries at present possess exportable 
surpluses. Provided shipping space can be found, there is clearly room 
for the development of an increased production of both milk products 
(especially cheese), eggs, and bacon in Empire countries in order to 
meet Britain’s needs. In the last war there was little increase in the 
imports of animal products from the Empire: the major replacements 
of pre-war European exports were made by the United States, whose 
trade in dairy produce increased from 0-2 to 38 per cent. and in bacon 
from 45 to 84 per cent. [4]. Even so, the imports of most animal products 
were seriously reduced, as is shown in Table 7 (p. 247). It has already 
been suggested that during the war our supplies of cereals should, as far 
as possible, be obtained from the American continent: it would appear 
that the contribution from Australiat and New Zealand could most 
suitably be concentrated on the production and export of finished animal 
products. 

Supplies of meat do not present the same difficulty, partly because the 
volume of home production is relatively greater, partly because none of 
the pre-war sources of supply are cut off, and partly because, in an 
emergency, the per capita consumption of meat could be considerably 
reduced without detriment to the health of the population. 

The above discussion has been mainly concerned with the mainten- 
ance of the volume of imports. Even if such imports were obtainable, 
this would not absolve British agriculture from making every endeavour 
to increase the output of essential animal products. In regard to home 
production, however, an additional consideration must be the economy 
of conversion of feeding-stuffs into animal products, so that imported 
cereals and concentrates will not be used wastefully. In the present 
paper it is not possible to discuss this aspect of the subject in detail. 
One important point must, however, be noted. The economy of conver- 
sion of feeding-stuffs into animal products is not infrequently expressed 
in terms of energy [5] (or even in terms of dry matter [6]) and the relative 
inefficiency of live stock as converters of energy is apt to be unduly 
stressed. It cannot be too strongly emphasized that, at any rate under 
war conditions, animal products are primarily of value as sources of 
proteins, minerals, and vitamins. In assessing the relative efficiencies of 


1 In the last war large stocks of wheat were purchased in Australia, but owing to 
shortage of shipping, could not be transported to Britain. 
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conversion of the various classes of live stock the soundest basis for 
comparison is, therefore, one in which due weight is attached to qualita- 
tive rather than to strictly quantitative considerations: to the value of 
the product as a ‘protective’ food rather than as a source of energy. If 
this fact were taken into account, it is probable that greater importance 
would be attached to egg production [7], particularly when the serious 
shortage of egg imports is taken into account. Milk and milk products 
(particularly preserved milks and cheese) still remain, however, pre- 
eminently suitable for war-time home production, and their output 
should therefore be given every encouragement. 

Two further factors must be taken into account in determining the 
priority of allocation of feeding-stuffs. In the first place it must be 
recognized that, whereas certain classes of stock (cattle and sheep) can 
subsist satisfactorily on relatively coarse fodders, others (poultry and 
pigs) need to obtain practically the whole of their nutrients from more 
concentrated foods such as cereals, oilseed products, and protein-rich 
by-products. Although it is clearly essential that milking stock should 
be given the first preference in allocating supplies of feeding-stuffs, it 
would appear that the remaining ruminants (beef cattle and sheep), 
which provide less valuable animal products at greater feed-cost than 
poultry or pigs, might be largely maintained on grass and coarse fodder, 
thus releasing a maximum quantity of concentrated feed for non- 
ruminants. ‘The argument that the feeding of concentrates to beef cattle 
and sheep is essential for the maintenance of soil fertility is scarcely justi- 
fied in view of the methods now available for the production of suitable 
organic manure by artificial treatment of straw and waste products. 

In the second place, since the limitation of feeding-stuffs will inevit- 
ably result in a decrease in the live-stock population, some consideration 
should be given, in allocating available supplies, to the post-war problem 
of building up depleted herds and flocks. In this respect rate of repro- 
duction is the controlling factor. Fig. 2, which illustrates the fluctuations 
in the live-stock population during and after the last war, shows very 
clearly the rapid rate of increase which is possible with those classes of 
stock (pigs and poultry) which have a high reproductive rate, in com- 
parison with, for instance, cattle. This is not a point of major importance 
at the present time, but if supplies of feeding-stuffs should ultimately 
be so drastically reduced that the wholesale slaughter of live stock is 
necessary, it is a consideration which must undoubtedly be kept in mind. 
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TABLE 1. Approximate Quantities of Feeding-stuffs available in the United 
Kingdom (average for 1934-8) 


Percentage of nutrients 





Available nutrients supplied by each class 
= (thousands of tons) of feeding-stuff 
Total 
supplies | Protein Starch Protein Starch 
Origin and class of feeding-stuff (000 tons) | equivalent | equivalent | equivalent | equivalent 
Home PRODUCTION 
(a) From arable land 
(i) Cereals including wheat offals . 3,191 276 1,990 75 9°2 
(ii) Rotation grazing ieee after- 
math . ; 4,179* 564 2,716 15°5 12°6 
(iii) Rotation hay . ° ;: . 2,684 188 939 «| 5‘1 4°3 
(iv) Roots and green crops ; 2,698* 172 1,527 4°7 71 
(v) Straw . ; ‘ 2,609 16 499 "4 2°3 
Total : : 15,361 1,216 7,671 33°2 35°5 
(5) From permanent grass 
(i) Grazing including aftermath . 11,291* 1,149 6,794 31°4 314 
(ii) Hay from permanent grass : 5,085 202 1,770 5°5 8-2 
(iii) Rough grazings : ; : 1,500* 15 300 o"4 14 
Total : - 17,876 1,366 8,864 37°3 41°0 
(c) From by-products 
(i) Brewer’s and distiller’s grains . 150 22 75 o'6 o'3 
(ii) Meat-meal, blood-meal, &c. . 42 23 34 o°5 ol 
(iii) Fish-meal : , ‘ ; 84 45 49 1'o o'2 
Total ‘ ; 276 go 158 2°1 06 
TotaL Home PRopUCTION ; ‘ 33,513 2,672 16,693 72°6 77°1 
IMPORTED PRopuCcTS 
(a) Cereals and cereal products | 
(i) Maize and maize products . 3,233 242 1,950 6°6 grt 
(ii) Wheat and wheat offals_ . ° 2,274 235 1,201 6°4 5°6 
(iii) Other cereals . : ‘ P 992 70 688 | 1'9 3°2 
Total . ; 6,499 547 3,839 14°9 17°9 
(5) Oilseed products 
(i) Oilseedst : P 1,107 270 682 7'°4 3°2 
(ii) Cakes and meals. ; ; 595 176 362 | 4°8 1-7 
Total : . 1,702 446 1,044 12°2 4°9 
(c) Miscellaneous 
(i) Fish- and meat-meals ‘ 26 Ir 17 o3~C*#S;« o'r 
(ii) Hay and straw i : ‘ 33 2 Ir a 
Total : i 59 13 28 03 o'r 
ToTaL IMPpoRTED PRODUCTS . 3 8,260 1,006 4,911 27°4 22°9 
Tora Suppuigs, ALL Sources (1934-8) 41,773 3,678 21,604 100°0 100°0 
Tota Suppiies, ALL Sources (1935 a 
estimate) ° ° ° 40,757 3,457 21,198 


* As equivalent dry matter. 
+ Calculated as cake. 
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ed TABLE 2. Approximate Food Requirements of Live Stock in the United 
Kingdom (average for 1934-8) 
ts Total food 
$s requirements 
(7000 tons) Quantity of nutrients* derived from 
a | Protein | Starch | | 
| equiva- | equiva- | Cereals and | Roots and Grass and 
Class of live stock lent lent concentrates straw hay 
Dairy cattle . . | 930 5,580 | 1,060 (19%) | 780 (14%) | 3,740 (67%) 
Pigs. . -| 375 2,000 | 1,940 (97%) | + 60 (3%) 
Poultry . 285 1,652 | 1,552 (94%) | 100 (6%) 
Beef cattle and sheep | 1,650 11,710 | 2,030 (17%) | 2, 660 @ 3%) | 7 020 (60%) 
Horses ; 325 | 2,260 | 560 (25% | 1,700 (75%) 
_ Total requirements, | 
all stock _ ; , 3,565 23,202 | 7,142 (31 0%) | 3,440 (15%) | _12,620 (54%) 
Total supplies (from | | | | 
Table I) . - | 3,678 | 21,604 | 7,048 (33%) | 2,037 (9%) | 12,519 (58%) 


* The nutrients are expressed in terms of thousands of tons of starch equivalent. 
The percentages for dairy and beef cattle and for sheep are taken from Middleton; the 
percentages for horses, pigs, and poultry are the author’s own estimates. 


TABLE 3. Value of Imported Feeding-stuffs and Certain Animal Products 
(average 1934-8) 


Empire Foreign 


| countries | countries Total 
7 Feeding-stuffs _ £000 £000 £000 
Cereal products (excluding wheat but including | 
value of wheat offals ; : ‘ - | 12,464 25,728 38,192 
- Oilseed cake and meal . : ‘ ; it 1,864 1,425 3,289 
Seeds and nuts for cake ; ‘ ’ ; 8,795 | 45427 13,222 
Miscellaneous feeds_. ‘ ‘ : ‘ 30r 119 420 
Total . ; . ; - + + | 23,424 | 31,699 55,123 _ 
Animal products | 
Meat (all — - : p ‘ ‘ . 31,272 | 51,885 83,157 
Butter ‘ ‘ ‘ . ‘ - | 23,174 | 19,870 43,044 
Cheese : , ‘ ; -| Farr | 865 | 8,076 
\ Eggs (in shell and frozen) ‘ : ; - | 2,007 | 9,647 11,654 
Total . : : ‘ : ; - | 63,664 82,267 | 145,931 
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BRITAIN’S SUPPLIES OF FEEDING-STUFFS 247 


TABLE 5. Tonnage of Imported Feeding-stuffs, 1913-20 


Imports in thousands of tons 


Feeding-stuff 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1gT9 | 1920 
Maize : 2,415 | 1,875 | 2,292 | 1,695 | 1,250 | 737| 843 | 1,692 
Wheat offals* - | 1,578 | 1,547 | 1,326 | 1,497 | 1,369 869 | 1,072 | 1,640 
Other cereals and cereal | 

products . 2,232 | 1,714 | 1,781 | 1,584 | 1,156 803 | 1,356 | 1,204 
All cereals . | 6,225 | 5,136 | 5,399 | 4,779 | 3,775 | 2,409 | 3,271 | 4,536 
Oilseed cake and meal . | 407| 356) 425 284 | 213 1r| 278 227 
Seeds and nuts for cakef | 1,162 | 1,150 | 1,285 | 1,063 | 764 879 | 1,250 | 1,035 
Total oilseed products . | 1,569 | 1,506 | 1,710 | 1,347 | 977| 890] 1,528 | 1,262 
Combined total for | | | } 

cereal and oilseeds 7,794 | 6,642 | 7,109 | 6,123 | 4,752 | 3,299 | 4,799 | 5,798 


* Calculated from figures for imported wheat (see text). 
+ Calculated as cake. 


TABLE 7. Volume of Imported Animal Products, 1913-20 


Imports in thousands of hundredweights 


Animal products 1913 | 1914 I9QI5 | 1916 | 1917 | 1918 I9gI9 | 1920 
Fresh, chilled, and | | | | | 
frozen meat: 

Beef 9,203 | 8,844 | 8,601 | 7,052 | 6,125 | 7,588 | 6,492 | 9,862 

Mutton 5,330 | 5,199] 4,707 3,637 | 2,569 | 2,086 | 4,074 | 6,476 
Canned meat: | 

Beef 697 833 | 1,838 | 1,682 | 1,598 | 1,882 | 2,635 806 

Mutton . 86 61 59 | 43| 51] 39| 202| 147 
Bacon and hams . | 5,712| 5,937 | 8,004 | 8,790 | 7,747 | 12,027 | 10,094 | 5,936 
Eggs in shell* | 21,579 | 17,904 | 10,246 | 6,606 | 4,922 | 2,656| 5,644 | 7,060 
Butter : . | 4,139| 3,9084| 3,853 | 2,175 | 1,806 | 1,578) 1,560 | 1,702 
Cheese ‘ : 3.307 | 2,443) 2,740 | 2,604 | 2,946 | 2,357 | 251 18 | 2,750 
Condensed milk 

(not sweetened) 50 5 277| 668) 619 goo | 1,033 | 269 
Condensed milk | 

(sweetened) 1,202 1,187 | 1,299 | 1,038 | 1,016 | 1,667] 2,145 | 1,705 
Dried milk . 46 37 51} 22 55 89 | 115 | 60 


Expressed in thousands of great hundreds. 
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THE EVALUATION OF DAIRY SIRES IN NEW ZEALAND: 


A. H. WARD 
(Technical Officer, Herd Recording Department, New Zealand Dairy Board) 


AND 


J. T. CAMPBELL 


(Lecturer in Mathematics, Victoria University College) 


At the present time the use of progeny tests for proving bulls (known 
as ‘sire-survey work’ in New Zealand) is evoking discussion from the 
points of view of research into the inheritance of producing qualities 
and the value of such work to the commercial dairy farmer. Before 
describing the results of some surveys that have been complete din New 
Zealand, it appears advisable to explain briefly the dairying conditions in 
that country and the basis on which sire-survey work is carried out. 
Dairying in New Zealand is almost exclusively grassland dairy farm- 
ing, for which the conditions are ideal, viz. a well-distributed rainfall 
and a mild winter which enables cows to be kept on grass practically 
the whole year round. E xcept for the provision of some silage, hay, and, 
to a limited extent, ‘roots’, very little hand-feeding or feeding of meals 
is practised. ‘Thus all animals in the same herd are exposed to a similar 
environment in regard to feeding and climatic conditions, so that progeny 
tests involving comparison of daughter and dam productions are not 
influenced by the selective feeding of individual animals. Herd-owners 
endeavour to calve as many of their cows as possible from June to 


September, and this circumstance adds to the comparative value of the 
records. 


Herd-recording in New Zealand 

Herd-recording in New Zealand is organized and conducted in much 
the same way as it is in Denmark, except that in Denmark each local 
group of members comprises a Herd-Recording Association, whereas in 
New Zealand several groups combine to form a single association. ‘The 
number of groups in such a parent association varies from one to over 

eighty, according to local conditions; at present there are twenty-seven 

such local associations. All herd-recording associations are licensed by 
acentral body, known as the Herd-Recording Council, which is respon- 
sible for the regulations and conditions under which group herd-recording 
shall be operated. Domestic matters, such as appointment of officers, 
collection and distribution of funds are, however, solely managed by the 
local association. 

One of the conditions under which herd-recording associations operate 
is that a copy of all records shall be forwarded to the central office in 
Wellington. ‘his means that for the past three seasons complete records 
of all cows under group-herd test in New Zealand are available in the 


' Read at the Seventh International Genetical Congress, Edinburgh, August, 1939. 
3988-32 R 














250 A. H. WARD AND J. ‘T. CAMPBELL 
central office. (For all previous seasons complete records are available 
in the offices of the local associations. ) 

‘The herd-recording movement is being further reorganized in the 
1939-40 season, so that the twenty-seven existing herd-recording 
associations will be replaced by six herd-improvement associations, which 
will be formed by amalgamating the small herd-recording associations 
into one large central unit. ‘The group method of organization, with its 
representation by committees and group conveners, will, however, remain 
unchanged; such groups will be directly controlled by, and responsible 
to, the local herd-improvement association. 

It will be readily seen that the conduct of research work into all 
factors associated with milk and butter-fat production will be greatly 
facilitated by the accumulation of such a large amount of data in the 
central office. 

As most of the milk is manufactured into butter and cheese, and pay- 
ment for such milk is on a butter-fat basis, emphasis on production 
records is largely devoted to records of butter-fat production; con- 
sequently this paper is concerned with such records and not with milk 
records. 

Approximately 15 per cent. of all cows in the Dominion are under 
group-herd test, representing some 250,000 cows. 


Sire-survey Work in New Zealand 

Under the group herd-recording movement all cows in the herd must 
be submitted to test. All recording members are encouraged to heve 
their calves identified by ear-tattoo at birth, and to send complete records 
of such identifications to the association office. When these calves are 
brought into the herd, in most cases as 2-year-old heifers, an application 
is made by the member at the commencement of the season for a survey 
of the bull concerned; as soon as the first season’s returns are completed 
a Preliminary survey is issued to the member. ‘The survey is continued 
from year to year (provided the herd remains under test), and the 
following season the member supplies the office with the particulars of 
any further 2-year-old heifers from the same bull that have come into 
the herd. ‘These, together with the heifers in the survey the previous 
season (which would now be 3-year-olds), are included in the Jnter- 
mediate survey issued at the end of the second season. Similarly, at the 
end of the third season, 2-year, 3-year, and 4-year daughters would be 
included in the survey, ad this would be issued in the form of a Final 
survey. Age-correction factors (calculated from New Zealand data and 
on lifetime records [1]) are used only for 2-year and 3-year productions, 
and no other correction is made. Where seasonal conditions have been 
exceptionally subnormal, a special adjustment may be necessary; it 
can be calculated by assessing the fall for mature cows in that particular 
herd for the season in question together with the figure compiled from 
general data for the whole of that district. 

All subnormal lactations and lactations lasting less than 200 days are 
excluded from the survey. Any lactation in excess of 320 days is reduced 
to the production for the first 320 days, to enable a better comparison 
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to be made between all animals. Wherever tests are carried out con- 
sistently, the records age-for-age are also compiled as a check against the 
figures secured from the age-corrected productions, 

By issuing the surveys in the form of Preliminary, Intermediate, and 
Final there is little danger of age -correction factors seriously influe ‘ncing 
the general resultant survey. ‘The fact that it is a ‘preliminary’ survey 
is sufficient warning that the bull hz is been assessed on one lactation only 
for the daughters. An ‘intermediate’ survey indicates that two lactations 
have been included in the records for a number of the daughters, and 
a ‘final’ survey, which combines the average of three consecutive 
lactations, should in most cases form a fairly reliable basis for the 
assessment of the animal’s average productive capacity. All available 
normal records are used in compiling the average production of the dam. 
A minimum number of ten daughters is required for an Official survey, 
and if a member wishes to obtain a survey on a smaller number of 
— or if the daughters have not been properly identified by 
tattoo, a Private survey is compiled and issued to the member con- 
conn. “All surveys are issued to the member in graph form, and the 
average production of the dams is arranged across the graph from the 
lowest producing dam to the highest producing dam (equal intervals 
being used between all dams). ‘The daughter’s production is then 
plotted immediately above or below that of the dam in question, accord- 
ing as she is a better or a poorer producer. It is then possible to see at a 
glance, from the graph, the general influence of the sire, and also to 
study any detailed breeding. ‘The owner of the bull is not only in a 
position to sce the complete progeny test, but can also make a detailed 
examination of individual matings. Such an owner is in most cases 
certainly in the best position to assess any adjustment which should be 
made on the survey as a whole. By these means a ‘preliminary’ survey 
can be of tremendous benefit to him, and by issuing subsequent surveys 
in the form mentioned above, more accurate results can ose be built 
into the pedigree records. No attempt is made to supply an index for 
any particular bull, and the graph, together with the average production 
of ull daughters and all dams, is considered the nearest possible approach 
to summing up the general breeding ability of the bull in question. 
Sire-surveys are nearly always compiled on daughter and dam eg - 
tion records made in the same herd, and the surveys quoted in Table 
were all made in this way. 


The Evaluation of Sire-surveys 

In the following discussion an attempt is made to study the principles 
underlying the general evaluation of any particular survey and to discuss 
the use of ‘sire indices’. ‘There is little need to review the field of ‘sire 
indices’, as this ground has already been well covered [2, 3, 4]. 

Sources of Data.—F rom the first 41 ‘final’ surveys available at the end 
of the 1937-8 season a detailed mands was made in order to assess the 
general influence of the dam in survey work, and to obtain some in- 
formation on the influence of the bull. For this purpose a method was 
used which is implicit in any form of ‘sire index’, and the justification 
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for its use can be said to depend upon the justification for the use of any 
individual ‘sire index’ of production. In summing up the whole of a 
survey, any criticisms levelled against the method are therefore auto- 
matically criticisms of any single form of index, and with such criticisms 
the authors are in general agreement. 


TABLE 1. Results of 41 Final Sire-surveys and Regression-coefficient of 
Daughters’ Production on Dams’ for each Sire 


No. of Daughters, Av. no. | Dams Av. no. Regression- 
Sire dtr.-dam average of average of coefficient 
no. Breed* pairs lb. fat lacts. lb. fat lacts. (dtrs. on dams) 
I A 5! 355°! 2°7 313°0 4°3 O°1321 
2 Ss 51 318°6 I'9 338°9 4°5 +O'2154 
3 A 43 368-3 2°3 9a2°3 4°5 +-0:2968 
4 J 41 360°8 3 360°8 4°4 +0°0684 
5 J 40 348°3 1°9 365°5 6:0 |+-0'1669 
6 J 36 342°5 3°2 355°3 6°7 + O°1501 
7 J 34 350°! 3°5 413°8 6-2 +O°4177 
8 S 32 293°8 37 323°3 6°6 —0'0525 
9 J 31 392°2 38 366-7 6:6 +0°4436 
10 J 30 43959 I°9 338°6 4°7 +0°1820 
II A 29 343°) 3°2 291°8 36 | +0°2237 
12 J 28 364°6 2°4 390°4 6°6 — 00135 
33 A 28 364°1 I'g 362°: 5°4 +0'1617 
14 J 28 333°8 2°9 385°9 6°6 +O°1§21 
15 J 27 392°4 4°0 367°6 67 | +0°1667 
16 A 27 337°3 24 358°9 4°7 +O°3271 
17 J 27 383°6 3°0 402°9 6°6 -+0:'0480 
18 5 26 316°0 3°4 313'°8 4°7 +0'2631 
19 J 25 391°4 37 341°9 6 0°1620 
20 J 25 357°1 2°4 417'0 6-4 —o'o169 
21 J 23 3888 2°8 379°6 6°5 +0°3945 
22 S 22 367°4 2°6 358°6 5'2 —0'2286 
23 J 21 361°! 4°4 364°8 5°7 “+ O"1053 
2 J 21 326°1 4°4 366°1 6°6 +0'2176 
25 J 21 336°4 6°4 347°5 5°7 |+-0:0987 
26 J 20 345°7 51 355°5 6:0 +0°1843 
27 J 19 332°4 2°8 317°8 4°6 0°0082 
28 J 18 364°6 2°5 390°4 6°3 +O°'Oo7gI 
29 J 17 370°6 3°6 348°3 6-9 +-0°0223 
30 J 17 400°5 a7 400°0 51 —0°3235 
31 J 16 433°0 28 416°4 5‘0 + 0°2348 
32 J 15 352°5 3°3 373°1 71 + 0°2882 
33 J 14 353°2 4°3 354°5 6°6 ++ 0°0599 
34 J 14 350°2 3°4 3571 6-4 + 0"2604 
35 J 14 3448 5°3 370°9 51 + 0°2603 
36 J 13 377°3 58 386°3 4°5 —O'l1gs 
37 J 13 396°6 6:6 390°0 4°5 -0°0137 
38 F 13 351°6 4'0 362°4 4°3 —0°2736 
39 J 11 354°5 2°9 372°5 59 + 0°0975 
40 J 10 3286 3°1 368-2 5°9 +-0°2638 
41 J 10 379°9 3°5 351°9 41 0°1749 
* A = Ayrshire. S Shorthorn. J Jersey. F Friesian. 


With one exception, all bulls referred to in the above table were registered pedigree 
animals. 
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Argument. —As pointed out by Bonnier [5], all ‘sire indices’, with the 
exception of ‘Mount Hope’, express the breeding value of the sire as a 
constant coefficient and one which implies a strictly linear regression 
of daughters’ production on dams’. ‘The authors fully agree with Bon- 
nier’s suggestion that this implies a certain weakness in indices generally. 

However, testing the use of ‘sire indices’ involves several difficulties 
in practice, most of which are associated with the standardization of re- 
cords (including cases where no correction factors are used) and the herd 
conditions under which the records were put up. If, however, the argu- 
ment for the use of an index is correct, then the calculation of the actual 
coefiicient of regression of daughters’ production on dams’ (assuming, 
as in the case of such indices, a strictly linear regression) will indicate 
to what extent the various indices are approximately true in practice. 
This argument is developed by Bonnier, but with a slightly different 
technique in application. Summarizing, one could say that most of the 
present-day indices imply a constant coefficient irrespective of the level 
of daughters and dams, and of a strictly linear regression function vary- 
ing from o (Edwards—daughter mean index) to 4 (Hansson—parent 
intermediate index). Consequently, a study of all the actual regressions 
obtained will indicate the variability to be expected in the application 
of any single index. ‘The real proof must await controlled matings and 
the use of bulls in different herds under controlled conditions. A few 
data are available from this work and are considered later. 

Data.—Table 1 sets out the general results of the first 41 ‘final’ 
surveys, and indicates the regression coefficient of daughters on dams 
obtained from each survey. ‘The average number of normal lactations 
per cow, which has been included in each set of averages, is also stated. 
In some surveys the average lactation per daughter is less than three 
on account of the addition to the survey of all daughters milked, and 
whilst a sufficient number of them have completed three lactations (thus 
enabling the survey to be classed as ‘final’), there is a considerable 
number of daughters with two lactations and one lactation each. In the 
case of bulls 25, 36, and 37, all daughters have completed lifetime 
productions. 

The general result of a regression analysis performed on the survey 
results for the 41 sires in ‘J ‘able 1 is shown in Table 2. From the total 
sums of squares and products within each survey, an average regression- 
coefficient was obtained. By this means inter-herd differences are 
eliminated, and the results become comparative under relatively uniform 
conditions. ‘The results are: 

Average regression daughter on dam 0'1433. 
Sum of squares accounted for by average regression 45,503'95. 


The analysis of variance shown in ‘lable 2 is then obtained. 

The regression-coefficient of +-0-1433 is statistically significant, whilst 
the differences between the individual regressions are not. We can 
therefore take the value -+0-1433 as an average measure of the in- 
fluence of the dam’s level of production on the daughter’s production 
for the present data, and 1,753:22 as the estimate of the residual mean 
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square. The standard error of the individual regression-coefficients cal- 
culated from weighted sum of squares is 0-16. 


TABLE 2. Analysis of Variance 


Degreesof, Sumsof | Mean 

Source of variation freedom | squares square 
Deviations from average regression : ‘ 959 1,681,339°78 | 1,753°22 
Deviations from individual regressions . ; 919 1,608,312°O1 | 1,750°07 
Between sire regression-coefficient P ‘ 40 73,027°77 | 1,825°69 


An examination of the 41 residual mean squares from the individual 
regressions showed that these were not entirely homogeneous, so that the 
average value 1,753:22 is not an adequate representation of the in- 
dividual results. This lack of homogeneity may possibly be attributed 
to the inadequacy of the linear regression, and perhaps to some extent 
to corrections for age and seasonal effects, &c. 

It is noteworthy that the number of lactations for each daughter does 
not appear to influence the regression so much as the number of daughters 
included in the survey. This can be quite well understood when it is 
remembered that abnormally high- or low-producing individuals among 
either dams or daughters must influence small surveys much more than 
large surveys. The data on number of daughters are presented in Table 
3, the subdivisions being made from Table 1, so as to give approximately 
equal classes in numbers of surveys with an interval unit of approximately 
5 pairs. 

TABLE 3. Regression-coefficient for Groups 


Group 

No. of pairs Sum of squares | regression- 
in survey Sum of products (dams) coefficient 
31 and over +153,548°05 807,611°59 -+o'1go1 
26-30 + 92,532°88 564,042°12 +0°1641 
21-25 + 44,922°39 392,827°87 +0o°1144 
15-20 + 28,658-49 234,776°85 +0O°1221 
10-14 — 1,711°64 219,432°14 —0'0078 


The foregoing results would seem to indicate that the regression in 
general fluctuates round about a coefficient of +-o-1 to +-0-2 and does 
not offer much encouragement for the use of a single index, if by such 
index it is intended to convey some idea of the individual bull’s breeding- 
value when mated to dams of a known productive standard. Certainly 
the regression values obtained do not appear to justify the use of the 
parent intermediate index, under which the regression should fluctuate 
round about a value of +-o°5. 

One of these bulls, No. 7, was also used in a different herd (under 
separate ownership) but under very similar herd conditions; the number 
of pairs in the second herd is small but the results are worth mentioning: 


Dams’ average, 355 lb. fat 
Daughters’ average, 355 lb. fat. 


8 Daughter-dam pairs: 
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The survey in the first herd showed that he lowered production from 
414 lb. fat in the dams to 350 Ib. fat in the daughters, which would give 
him an intermediate index of 286 lb. fat, w hereas the aver rage production 
of the daughters is a much closer approximation to his breeding value, 
as measured in the second herd. 

Again, Bulls 15 and 19 were used in the same herd and their daughters 
tested over a similar period, so that their results are quite comparable. 
On the basis of the parent intermediate index Bull 1g would rank the 
better bull with an index of 441 as against Bull 15’s index of 417. 

Six dams were common mates to both bulls, so that the daughters 
provide a reasonable test as to the relative merits of the two bulls. ‘The 
results are shown in ‘Table 4 and make it very difficult to find support 
for the superiority of Bull 19, as would be indicated by the parent inter- 
mediate index. | 


TABLE 4. Comparison of Bulls 19 and 15 mated to same Dams, the 
Daughters being tested in the same Herd and over a similar Period 


Bull 19 Bull 15 
Dams daughters daughters 
No. of No. of No. of 
Name lacts. | lb. fat Name lacts. | lb. fat Name lacts. | lb. fat 
Peggy 5 321 Dandy 2 348 Poppy 4 403 
we 5 321 ~ es ne Rene 4 441 
Pride * 325 Creamy 5 421 Duchess 4 466 
Rita 7 363 Lorna 3 406 Judy 3 355 
% 7 363 “* a “rs Millie 6 368 
Darkie 8 375 | Gladys 4 314 Jessie 6 350 
Floss 5 345 Florice = 352 Grace 7 410 
Evelyn 8 398 Elo 7 356 Connie 5 430 
Average of 6 dams: 351°4 | Av. of 6 daughters: 366-2 Av. of 8 daughters: 402°9 
Survey result Survey result 
25 dams av. 341°9 lb fat 27 dams av. 367°6 lb. fat 
26 airs. ,, 301% ” 29 atrs. ., 302% nA 
Discussion 


Summing up the conclusions from this work, it must be emphasized 
that sire-survey work is an attempt to assess the genetic value of the sire, 
and its primary aim must therefore be to define in very general terms a 
bull’s probable breeding value. If the results of a survey are summarized 
into a single index of production, then this index should, in the opinion 
of the authors, represent an attempt to define the bull’s breeding value 
when mated to dams of known productive ability, provided that such 
future mating corresponds as closely as possible to the conditions under 
which the original survey results were = (Actually, these quali- 
fications also hold when stating a cow’s productive record as an indica- 
tion of future producing ability.) 

Any comparison between the daughters of a bull and their dams must 
take into consideration a number of environmental factors normally not 
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directly associated with genetic influences so far as producing qualities 
are concerned, but of considerable consequence to such qualities in their 
expression in the individual cow. Our present meagre knowledge of the 
inheritance of producing qualities in dairy cattle suggests very strongly 
that multiple factors are concerned, and it is possible that in the future 
our definition of producing qualities must be extended to include 
fertility, length of efficient working life, and resistance to disease. ‘These 

ualities are undoubtedly of supreme importance to the commercial 
iy farmers for whose benefit, after all, dairy-cattle breeding really 
exists. The result of this would be to place more and more emphasis on 
lifetime averages, or on a comparison of daughter-dam records over a 
period of lactations as against single lactation comparisons, and this 
must be considered desirable if sire-survey results built into pedigree 
records are to achieve their greatest genetic value. 

In the data considered in this paper it has been indicated that, in 
general terms and over a reasonably large population, the influence of 
the dams on the production of their daughters (holding the influence of 
the sire constant) is one of approximately 14 to 20 lb. of butter-fat per 
100 lb. butter-fat of selection of the dams above the herd level; that is, 
by selecting dams which are by roo lb. fat better producers than the 
average, and holding the influence of the sire constant, the daughters 
of those dams will improve on the general average by 14 to 20 lb. 

This, in effect, measures the extent to which the phenotype of the dam 
is expressed as genotype in the daughter, and brings us to a most im- 
portant part of the discussion of the value of sire-survey work. As 
already indicated, the record of the dam (even a lifetime record) is only 
a limited indication of what qualities she herself will transmit to her 
daughters. In measuring the influence of the sire, however, we are 
compelled to resort to a measure of his genotype, no phenotypic expres- 
sion being available, and consequently it is very much more important 
genetically (and economically) to know the production of the daughters 
of a bull than to know the producing qualities of his dam. The breeding 
qualities of the bull approximate discdy to the stated average production 
of all daughters, whereas the breeding qualities of the dam are less than 
20 per cent. of her stated superiority above the general herd average. 

In assessing the actual genetic value of a particular bull the issue is by 
no means clear, but it does appear from the data quoted in these tables 
that no practical justification exists for the use of the intermediate index 
as an indication of the bull’s breeding qualities. The possibility cannot 
be ignored that the regression formulae for individual bulls in Table 1 
might quite possibly express in general terms an individual genetic 
complex; for instance, that Bull 8 possesses a gene-complex which does 
not favour mating with high-producing dams, but which gives more satis- 
factory results with lower-producing dams; or Bull 9, which apparently 
possesses genetic qualities that are still advantageous when he is mated 
with higher-producing dams. 

Meantime, whilst fully emphasizing the value and importance of sire- 
survey work, it does appear unduly ambitious to attempt the final genetic 
assessment of a sire on the initial records of his daughters, and to com- 
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press that assessment into a single figure of production. Under New 
Zealand conditions we do not hope to do more than place the full avail- 
able facts before the breeder or sire-owner, and allow him to exercise his 
own judgement in their interpretation. When a series of records is avail- 
able for a minimum number of daughters, or when many daughter-dam 
pairs are included in the survey ,only then can a final estimate of the bull’s 
qualities be attempted, and the most that can then be done is to quote 
full details of average production for both daughters and dams. This 
does not mean that sire-survey work loses any of its early value: the 
breeder or sire-owner can exercise his judgement immediately the pre- 
liminary survey is issued to him, but a warning is given by emphasizing 
the ‘preliminary’ nature of the survey. Naturally, for breeding and 
pedigree purposes ‘final’ surveys would take precedence, and this after 
all must be considered an extremely desirable goal. ‘The emphasis that 
is automatically placed on consistent recording, and consequently on 
the combination of production, fertility, resistance to disease, and length 
of working life, as the best definition of the term ‘producing qualities’, 
must prove beneficial to pedigree breeding and to the dairy industry in 
the long run. True, the finding of good bulls under such exacting con- 
ditions is made more difficult, but the full genetic value of the re elie ng 
selection is equally more certain. 


Summary 
A brief description is given of dairying conditions in New Zealand, 
and the basis on which herd-recording work is organized. 
The methods of compiling and issuing sire-surveys are outlined. 

3. An analysis of regression-coefficients of daughters’ production on 
dams’ is given for 41 ‘final’ surveys, and the obtained at sci compared 
with the results to be expected by the use of the parent intermediate 
index and the daughter mean index. The values obtained suggest that 
the general use of a single index by which to express the breeding value 
of a bull is not likely to be very accurate in practice, but that the average 
production of all daughters is a better approximation to the bull’s 
probable breeding value than the parent intermediate index. 

4. The use of a series of production records as against single records 
is discussed and the importance of defining ‘producing qualities’ on a 
broader basis than that of a single lactation record, emphasized. Also, 
because sire-survey results express the qualities actually being trans- 
mitted to the offspring, they form a more reliable guide to selection than 
do production records of the dam. Superior production records are, in 
most cases, only a limited indication of the actual breeding superiority 
of a dam. 

5. The fact that sire indices have serious practical limitations is per- 
ia academic more than practical in its implications; the practical 
breeder or dairy farmer can make great use of sire-survey work if supplied 
with full details of the survey, whilst for purposes of supplying ancestry 
information (e.g. in pedigree records) it is considered undesirable to do 


less than quote in full the average production of all daughters and all 
dams. 
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RECORDS OF PERFORMANCE FOR MEAT ANIMALS: 
L. M. WINTERS 


(Professor of Animal Husbandry, in charge of Animal Genetics, 
University of Minnesota, St. Paul, Minn., U.S.A.) 


THE object of developing records of performance for meat animals 
is to improve the animals in the interests of man, so that they will 
provide him with more useful, or at least more desirable, products at 
a lower cost (mainly less feed per unit of usable product). A record of 
performance must be usable. Regardless of the perfection of our tech- 
nique for assessing performance records, if the breeder believes the 
method too complicated, he will not use it and it will be useless. For 
this reason a method well adapted to state institutions may prove too 
complicated to appeal to live-stock breeders. Further, a system well 
adapted to a country small in area but densely populated with live stock 
may be ill adapted to a country where the live seh is widely distributed. 
A system developed and well suited for the rating of individual per- 
formance may be less well suited to rating the performance of sires or 
dams. ‘The discussion that follows is based upon the author’s experi- 
ments, experience, and opinions as to what, during the next few years, 
will be best suited to his own country. 


Beef Cattle 


Lush [1], and Winters and McMahon [2], demonstrated that the 
outward appearance or conformation of beef steers was not closely 
correlated with their function as beef animals; and both studies showed 
that in several instances the estimates of performance on the basis of 
the animals’ appearances were very misleading. In the three trials 
conducted by Winters and McMahon it was found that the gain in 
pounds per 100 lb. 'T.D.N. above maintenance, ranged from 16°77 to 
21°48, 25°27 to 38-41, and 28-86 to 43°73; the percentages therefore 

varied from 100 to 128, 100 to 152, and 100 to 152 for the different 
trials. At the outset of the trial the steers within each group were of 
the same market grade. As these authors [1, 2] have demonstrated that 
there is little prospect of improving the efficiency of our better beef 
cattle through selection based on appearance only, the problem becomes 
one of developing a more accurate method of selection and, at the same 
time, one that is usable. 

Sheets [3] proposed a record of performance for beef cattle, making 
provision for (1) each calf to be nursed by its own mother (estimates 
of the dam’s wait production to be made every 28 days); (2) each calf 
to be fed individually on standard rations until it rs goo lb.; and 
(3) each animal to be put through a thorough carcass-test, which in- 
cluded estimates of palatability and tenderness. ‘The plan was a most 

' Read at the Seventh International Genetical Congress, Edinburgh, Aug. 1939, 


and published as Paper no. 1731 of the Scientific Journal Series of the Minnesota 
Agricultural Experiment Station. 
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thorough one for determining each calf’s value for beef-production, 
‘The chief criticisms of the method are that it is too involved, and that 
after the animal has been slaughtered it is nolonger available for breeding. 
Either weakness is sufficient to prevent most breeders of pure-breds 
from using the plan, but neither is sufficient to prevent its use for 
experimental purposes. A further weakness does, however, prevent its 
general adoption, even by experiment stations, viz. that the merit of 
neither a sire nor a dam is proved through one or two calves; the plan 
therefore necessitates the slaughter of too many calves to determine 
the merit of a sire or a dam. In beef cattle any plan that calls for the 
slaughter of a large number of the best animals is doomed at the outset. 
It therefore becomes necessary to develop more accurate methods of 
evaluating carcass-values from the live animals. In the U.S.A. prac- 
tically all cattle are marketed on foot, and the market men have fairly 
clear ideas as to what they want. It therefore appears that the animal 
breeder will do well to leave this phase of the problem to the market 
men, and himself to concentrate on producing what the market wants 
at the lowest possible cost. 

Knapp [4] bes developed a method for the determination of carcass- 
grade of beef cattle while on the hoof. ‘The equation used is: 

Grade = —223:2839—3:'5833 (height in inches at withers) 

+157°9825 (log. of live-weight in pounds). 
The carcass-grades are obtained in terms of percentages. In a trial 
this method of grading agreed remarkably well with the judgements of 
three experienced cattle graders. Knapp, however, states that ‘. . . no 
series at an and measurements is likely to be as satisfactory as 
competent, technically trained cattle-graders . . . .’ It does appear, 
however, that Knapp’s method of grading should be helpful in assessing 
market grade. 

During the past decade more attention has been given to efficiency 
of feed utilization. Morris, Palmer, and Kennedy [5], in studies of 
efficiency of feed utilization by rats, developed an ‘efficiency quotient’, 
the equation for which is: 

total dry matter consumed 

gain in live-weight 

Winters and McMahon [2] applied the above formula to data obtained 
on steers from individual feeding and found a correlation of —o-5041 
between E.Q. and net profit, with odds in excess of 99 to 1 that the 
correlation was not due to chance. A slight objection to E.Q. is that 
it arranges the animals’ indices from the less efficient to the more 
efficient in a descending order, so that the most efficient steer has the 
smallest index number. An index that will arrange the animals according 
to efficiency on an ascending scale is to be preferred, for it is more readily 
understood. The E.Q. formula was modified by Winters and McMahon 
as follows: 


~ (mean live-weight) 100 = E.Q. 


Ib. gain , ; — 
rT 5 N (mean live-weight) = Efficiency index or x. 
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The correlation coefficient of x with net profit was 0-5155; this is essen- 

tially the same as the —o-5041 correlation obtained between E.Q. and 

net profit, excepting that the animals’ efficiencies are given in the 
ascending order. 

The correlation coefficients obtained by Winters and McMahon are 
given in ‘Table 1. 


TABLE 1. Correlation Coefficients (Winters and McMahon) 


Simple Partial Multiple 
To 0°3455 Pinca o'S021 Gear 0°9306 
rut 071534 Vad.c = 0°7320 Vasa ~~ 0°9343 
Pax. 0°1492 Nad 06516 
Vatea) 0'5041 Ve 0°4340 
Fo O°5155 Fase 0'1473 
‘ry, 0'8072 Vel 0°4201 
Sa 0°8231 oe 0'04607 
? 09004 Y, 06608 
Ya 0°5226 Tas.a 08000 
ry O°7141 Fak as 0°7289 
Yar 0°3404 Van 0'1827 
ray 0°3312 
Vet 0°2394 
? 0°3453 
r o°'5109 
a Net profit over all cost. d Daily rate of gain in lb. 
§ Selling price per 100 |b. f Average daily feed per too Ib. 
t = Gain per 100 lb. of total digestible live-weight. 
nutrients consumed. ty t corrected for maintenance 
t w-—-100). (Morrison feeding standard). 
tee 
e.q. Palmer-Kennedy E.Q.: wee ~(mean v at sd (M mean or average). 
vain d . 


live-weight) 100. 


Daily gains, d, and selling price, s, gave the largest simple correlations 
with net profit (that is, excepting v, which is developed from d and s). 
In addition d and x possessed a correlation of 0-7141. It is, therefore, 
evident that d includes nearly all that is important in x, and some other 
economic factors as well. A point overlooked by Winters and McMahon 
is that the steers with a high rate of gain actually possessed more gain 
on which profit could be calculated; and this is responsible for a portion 
of the high correlation between d and a. On the other hand, in practical 
live-stock operations stock which gain rapidly possess additional advan- 
tages, such as less labour and housing expense per unit of product. It 
therefore is unlikely that Winters and McMahon have overrated the 
effect which rate of gain has on profit. "The multiple correlation between 
a, net profit, and sd was 0-9343, which indicates that daily rate of gain 
and final value per lb. are the two factors of chief importance affecting 
profit. As a result, Winters and McMahon proposed a record of per- 
formance for beef cattle based on daily rate of gain up to one year of 
age and on body-score at that time. ‘This record of performance, like 
that of Sheets, gave a distinct advantage to the calf out of the heavy 
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milking cow. This was intended because the Winters and McMahon 
plan was devised for identifying the most efficient calves in the hope 
of using them for breeding, and since the calf out of the heavy-milking 
cow receives one-half its inheritance from its mother, this appears to 
be a logical procedure in identifying efficient calves. 

Black and Knapp [6] compared several methods of measuring per- 
formance in beef cattle and found that Sheets’s method was of little 
value as a means of comparing the progeny by two sires; and also that 
daily rate of gain up to one year, as proposed by Winters and McMahon, 
was only slightly superior as a means of comparing their merits. The 
difficulty was attributed to the differences between the dams’ milking 
abilities. When the progeny were compared on the basis of the efficiency 
of gain from 500 to goo |b., a significant difference was found between 
sires. Efficiency is based on gain per 100 |b. of total digestible nutrients. 

The Winters and McMahon plan was proposed for the express 
purpose of avoiding individual feeding, which most breeders regard as 
practically prohibitive. Further, it was devised as a means of identifying 
the best performing individuals in the expectation that this procedure 
would develop optimum milking qualities in the stock. Black and Knapp 
do not report an analysis of progeny performance on the basis of rate 
of gain from 500 to goo lb. They do, however, report that there was 
no correlation between efficiency of gain during the suckling period 
and efficiency of gain during the feeding period. In a previous paper 
Black and Knapp [7] report a correlation of —o-36 between pre- and 
post-weaning periods. This lack of a positive correlation is apparcntly 
due to an environmental variable introduced through variations in the 
dams’ milking capacities. Studies by Norton [8, 9] showed very clearly 
that, in contrast to calves fed on skim milk, beef calves allowed to suck 
their dams made more rapid gains during the nursing period, but slower 
and more expensive gains during the subsequent feeding period. By 
Black and Knapp’s method we are therefore handicapping the calf from 
the heavy-milking dam. This, however, is not serious, in fact may be 
no handicap whatever for the purpose of their method, i.e. sire com- 
parisons, since the females with which the different sires are mated 
should, due to random selection, be about even in milk-production. 

In the light of the above cited investigations, it is proposed that the 
following procedure be followed in gathering record-of-performance 
data on beef cattle: 


1. That the calves’ birth-weights be recorded. 

2. That calves be nursed by their own mothers and be creep fed 
until they reach 450 lb., when they be weaned but allowed to 
continue on the self-feeder. 

3. That the feeding trial commence at 500 lb. and continue to the 
goo-lb. weight. 

4. ‘That the animals’ merits in body-conformation be appraised on 
a percentage of perfection basis, and that this percentage be 
arrived at both by the use of good judgement of desirable body- 
form and the aid of the Knapp equation given above. 
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At institutions where individual feeding is possible, a record would 

be kept of feed consumption between 500- and goo-lb. weights, as well 
as of carcass data. These data would comprise: 

1. Birth-weight. 

2. Rate of gain from birth to 450 lb. (The period from 450 to 500 |b. 
is allowed as an adjustment period.) 

3. Rate of gain during the feeding period from 500 to goo lb. At 
state institutions this will be replaced with actual feed-consumption 
per unit of gain. 

4. The animal’s value for slaughtering. 

The use of these data is discussed at the close of the paper. 


Sheep 


In sheep the problem is more complicated because there is both a 
wool and a lamb crop, and both single and twin lambs have to be 
considered. Here, too, the important first step is to identify the major 
factors affecting profit. Phillips [10] has demonstrated that dike differ 
greatly in their ability to use feed efficiently; the best performing lamb 
was 154 per cent. more efficient than the poorest. This percentage 
difference is approximately the same as that found by Winters and 
McMahon for steers. 

There is no doubt that individual feeding is the most accurate method 
of gathering information regarding an animal’s ability to make economical 
gains. On the other hand, sheep are by nature grazing animals; hence 
information gathered by individual feeding on dry feed may be some- 
what misleading when transposed to grazing conditions. Further, it 
would be practically impossible to convince breeders that they should 
test by individual feeding under dry lot conditions. ‘This, then, necessi- 
tates the use of some more readily recognized indicator of efficiency. 
To meet this need Christgau [11] developed a record of performance 
for sheep by which the efficiency of gain is based on rate of gain. The 
logic of this is that rate of gain has been found to be closely correlated 
with economy of gain in beef cattle by Winters and McMahon [2], and 
Black and Knapp [7]; in swine by Evvard et al. [12] and Berge [13]; 
and in sheep by Winters and Kiser (unpublished data). 

Sheep differ greatly in size, a fact which affects maintenance costs 
per ewe. Christgau has, therefore, placed performance-rating on the 
basis of: 

. Wool performance in terms of lb. of wool per unit of feed-cost. 

. Ewe performance in terms of lb. of lamb per unit of feed-cost. 

Lamb performance in terms of lb. of gain per unit of feed-cost. 

. Total performance in terms of lb. of product, wool and lamb 
per unit of feed-cost. 

Since individual feed-records are not practical, maintenance require- 
ments are used as measures of feed-costs. ‘The two equations, 

y =0°053M° and y = 0:-1087M", 
are used to determine maintenance requirements for mature and growing 
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animals respectively. The first is Brody and Procter’s [14] equation 
for mature, lactating dairy cows, and the second is based on Brody’s [15] 
studies of growing goats. y represents the total ‘T.D.N. in lb. per day; 

0:053 and 0-1087 are constants for determining the lb. of T.D.N. at 
the different weight-levels; and M°7* and M°* represent body-weights 
raised to fractional powers. Body-weights are raised to fractional powers 
because maintenance costs do not increase in direct proportion to 
increasing body-weight. It is more important in sheep than in other 
classes of live stock that recognition be taken of varying maintenance 
costs, because of the greater proportional differences in adult weights. 
For ewes the yearly maintenance is used to determine both wool and 
lamb ratings, and for lambs the maintenance for the period from 
weaning to market weight is used. Since the above equations are based 
on studies of other species, some error may be expected when applied 
to sheep; until similar studies are conducted on sheep they will serve 
a useful purpose, and it is likely that their relative values are not far 
from being correct. 

Long-time price averages in the U.S.A. show that 1 lb. of wool is 
worth 3-4 times as much as 1 lb. of lamb; pounds of wool are therefore 
multiplied by 3-4 to convert wool to lamb-equivalent, and the pounds 
of lamb-equivalent are added to the pounds of lamb to give total yield 
per ewe. The performance record for each ewe is kept and calculated 
as follows: 

In calculating the ewe’s performance-rating no special credit is given 
for grade of wool or grade of lamb produced. It is not intended that 
these factors should be ignored, but that when either falls below a 
certain standard the ewe should be culled regardless of her efficiency 
in quantity of production. On the other hand, little is to be gained by 
going beyond a certain standard; the farmer is not usually paid for 
‘super’ quality, and in many instances what might be called ‘super’ 
quality does not raise the actual value of the marketable product. 

To gather the above-indicated data under comparable conditions the 
following procedure is recommended: 


1. Weigh all lambs at birth to the nearest ;} lb. 

2. Identify each lamb and ewe with a stencil number on the side to 
facilitate weighing. 

3. Wean and weigh lambs at a standard age; 15 weeks is suggested. 

4. Weigh lambs at a standard final age; 23 weeks is suggested. 

5. The flock should be handled from year to year as nearly as possible 


under standard conditions of feed and management. 

6. Weigh ewes twice yearly to obtain maintenance requirements, one 
weight to be taken when the flock is sorted for breeding and the 
other at shearing. 

7. Shear at the same time each year, and record weight and grade 
of fleece. 


This system of recording the performance of each ewe is now being 
used for two flocks of the University of Minnesota. It has not been 
used long enough to know how useful it will prove. 
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Swine 

In swine the problem of recording performance is equally complicated, 
since there are several inherent factors affecting profitable swine produc- 
tion. ‘The apparent chief factors are: (1) size of litter, (2) feed per 100-lb, 
gain, and (3) final carcass-value. 

It is only the pigs raised that have any value but, since environmental 
factors frequently cause losses, a record should be made of both the 
number born alive and the number weaned. Losses after weaning are 
usually due to environmental factors and hence are best ignored in 
rating breeding stock. 

Feed per too-lb. gain is both the most variable and most tangible 
factor affecting cost per unit of gain. Individual feeding of swine is a 
useful method for determining the variations in feed-costs between 
individuals. ‘Trials on this point have demonstrated that marked individual 
differences occur. Individual feeding can hardly be considered for actual 
record of performance work because of expense. The litter can be 
appraised cither by feeding it as a whole or by litter-sampling; the 
difficulty, however, is that with the usual outbred matings, and during 
the early st Iges of an inbreeding experiment, considerable intra- -litter 
segregation is to be expected; if "the selection of the young stock is to 
be effective, advantage must be taken of this segregation. Fortunately, 
rate of gain and economy of gain have been found to be rather closely 
correlated. Berge [13] reports a correlation of o-go between time to 
reach 225 lb. and feed per unit of gain, whilst Evvard et al. obtained 
correlations of —o-66 for forage lots and —o-78 for dry lots between 
rate of gain and feed per too |b. gain. In this way it is possible to use 
rate of gain as an indicator of efficiency of gain. Rate of gain as an indica- 
tor of efficiency needs still further consideration because (1) if calculated 
from birth, the dam becomes an important factor; (2) if calculated from 
weaning, the weight at weaning becomes an important factor affecting 
the subsequent period; and (3) in any case final weight becomes an 
important factor. Even though a standard weight is used, a 200-lb. 
weight is one thing for an early-maturing type of hog and quite another 
for a late-maturing type. 

The most accurate appraisal of carcass-value should be obtained from 
the final cut-out value, but unfortunately cut-out value appears to be 
subject to considerable error due to variations in cutting, even by 
experienced cutters. Carcass-score is an attempt to obtain the cut-out 
value by a shortened method; and likewise score-on-hoof is an attempt 
to obtain the same appraisal before the animal is slaughtered. Unfor- 
tunately, neither live-animal score nor carcass-score appears to be as 
closely related to cut-out value as is to be desired. A further complicating 
factor enters in because cut-out value and carcass-score can be obtained 
only from litter-mates to the animals we are considering for breeding 
purposes; and since most live stock are far from homozygous this 
appraisal is of questionable value. 

Owing to the above-mentioned obstacles, and because the best animals 
are seldom too plentiful, it is suggested that the live animal’s score be 
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used as the measure of that animal’s worth. ‘The error introduced by 
this method of appraisal is fully recognized, but it is believed that future 
studics in this field will make it possible to determine more accurately 
an animal’s worth by appraisal on hoof. 

The data that should be recorded regarding swine performance are, 
therefore: 

1. Number of pigs born alive. 

2. Number of pigs weaned at a standard age. 

3. Weight of each pig at weaning. 

4. Age of each pig on reaching a standard weight. 
Rate of gain from weaning to a standard weight (calculated from 
3 and 4). 


6. Body-score at a standard weight. 


Ww 


Utilization of Records-of-Performance Data 

‘The only objective in gathering records-of-performance data is that 
they conduce to further animal improvements. It should be noted that 
the title of this paper is ‘Records of Performance for Meat Animals’ 
and not ‘Standards of Perfection for Meat Animals’. A distinction is 
to be drawn between the two. No attempt has been made here to set 
forth the minimum requirements for standards of perfection. It would 
be strange if the minimum requirements should be the same for the 
different breeds 1n a species, and it would also be strange if the minimum 
requirements in different countries should be the same. It is also 
unlikely that any single value will ever give a very satisfactory index of 
an animal’s value. This ‘is especially true when we consider that future 
improvements will in practice probably be made through the develop- 
ment of rather highly purified lines within the breeds. ‘The point can 
be illustrated as follows for swine: L indicates size of litter; /’ indicates 
feed per 1oo-lb. gain; S indicates score; and V indicates the animal’s 
total value and is obtained from L, F, and S. 

For illustrative purposes let it be assumed that the three, L, /’, and S, 
affect V in the ratio of 30:40:30 respectively. ‘Three pigs might then 
have performance records as follows: 


Pig no. E Fr S V 
I 15 35 25 SI 
2 28 26 27 Si 
3 27 37 17 ot 


‘The total scores for the three pigs are the same, 81, yet each has its 
own individual serious weakness. With this possibility for an interplay 
of factors we are unlikely to go far in purifying our stock if we trust 
to matings on the basis of V alone. A better approach is to take L, F, 
and JS all into consideration in the selection of breeding stock. We may 
be willing to use breeding stock low in SS in order to bolster a line low 
in L but high in / and S. If this is done, it should, however, be done 
knowingly rather than haphazardly, as would happen if we trusted 
merely to the V index. 
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Furthermore, it is the writer’s belief, based on some experience, that 
the most successful use of records of performance will come only through 
a certain seasoning of judgement in their use. Records can as often 
be misleading as enlightening. Environmental disturbances may upset 
the animal’s entire genetic expression. For this reason detailed notes 
regarding such disturbances can aid greatly in interpreting the records 
of performance. 


In evaluating performance the total performance of the young animal 
should be considered. The dam’s performance is best rated through 
the performance of her offspring through the suckling period. The sire’s 
idliniaiaiin, on the other hand, is best rated by his offspring’s per- 
formance after weaning. 
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STUDIES IN THE YIELD OF TEA 
IV. THE EFFECT OF CULTIVATION AND WEEDS ON CROP GROWTH 
T. EDEN 
(Tea Research Institute of Ceylon) 


Introduction.—The culture of plantation crops lacks the settled tradition 
that lies behind farming practice in temperate lands. ‘Tropical agri- 
culture has borrowed ideas freely from temperate agriculture, in most 
instances imitating operations associated with annual crops. The most 
persistent of borrowed traditions are those which stress the need for 
thorough cultivation and the complete suppression of weeds. ‘Their 
unquestioned acceptance in Ceylon has in the past overridden all other 
considerations, and differences in crop and circumstances have been 
given little consideration. The facts that annuals need a seasonal pre- 
paration of a seed-bed upon which small seed can germinate and in 
which young seedlings can grow, and that cultivation is in the first 
place intended to produce this seed-bed, are largely irrelevant to a 
perennial crop such as tea, which is generally raised in a nursery for a 
period varying from six months to two years before transplanting in the 
field. In addition, heavy rainfall has generally appeared to be a further 
reason for cultivation in order to ‘aerate’ the soil. ‘The converse problem 
of soil-erosion control has only recently been adequately realized. 
Vigorous cultivation and clean weeding with a scraping instrument have 
in the past undoubtedly hastened the process of soil erosion on the 
generally steep slopes of Ceylon’s tea area. 

The study of cultivation problems has been slow both at home and 
abroad for lack of means of measuring and expressing in a quantitative 
form so qualitative a conception as ‘tilth’. Only since doubts about the 
need of specially vigorous cultivation for annual crops were voiced at 
home have the still more cogent doubts about advocating it for perennial 
crops made any impression in Ceylon planting circles. 

Previous work.—The trials at Rothamsted and Cambridge have in- 
dependently shown that some of the traditional notions in regard to 
cultivation would have to be revised. In a series of experiments on rotary 
cultivation, ploughing, sub-soiling, hoeing, and rolling, the outstanding 
results have ie that ‘thorough’ cultivation affects germination and early 
growth by the production of a good seed-bed, but makes little or no con- 
tribution to final yield. On some occasions the contrary process of rolling 
has increased the crop. The only beneficial effect of cultivation during 
the period of crop growth is attributable to weed destruction [1, 2, 3, 4]. 

The data on cotton and tea are more relevant to tropical conditions. 

Heath [5], working on cotton, found no advantage in growth and develop- 
ment following specially deep cultivation. A pulverizing roller applied 
after the harrow gave a beneficial effect. For various reasons he doubts 
whether extra cultivation helps soil aeration. In the first place it pro- 
duces no increase of nitrate in the soil. Furthermore, cotton can grow 
quite normally in containers hermetically sealed. Maize and barley have 
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been grown in completely waterlogged tropical soils provided that the 
nutrient-supply was adjusted [6]. 

Cooper [7] has tried various treatments on tea in Assam. The standard 
implement is a hoe which penetrates about 7 in. into the soil for deep 
hoeing, and for light work cuts a sod g x 12 x3 in. and turns it over on 
to the bare space left by the last sod cut. The essential point is that the 
surface-soil is as completely severed from the lower layer as if it had 
been ploughed. To destroy weeds, one deep hoe at the beginning of the 
season is normally followed by six light hoes spread over six months. 
Cooper investigated various combinations in hoeing programme along 
with hand-weeding and a scraping operation that destroyed weeds but 
did not appreciably stir the soil. According to Cooper’s findings, cultiva- 
tion ued no benefits so long as weeds were controlled by scraping 
or hand-weeding. Deep hoeing damaged roots sufficiently to check 
growth early in the season. The consensus of opinion on a variety of 
crops is therefore against specially vigorous cultivation. 


Scheme of Investigation 


The chief source of information in the following investigation is a 
field experiment with tea that has completed a three-year pruning cycle 
(1936-9) in which the main factors studied were,—cultivation, weeding, 
and manuring. Set out in full, the comparisons, arranged in pairs, were: 

1. Clean weeding v. selective weeding.—Clean weeding involved the 
removal monthly of all weeds, and selective weeding the removal at the 
same time of all grasses and non-herbaceous weeds. Where necessary, 
the remaining weeds were slashed just above ground-level to prevent 
interference with tea plucking. 

2. Intensive cultivation v. normal cultivation—The former consisted 
of three cultivations per annum spaced at three-month intervals, except 
that the forking due in March was omitted owing to dry weather. Normal 
cultivation consisted of one forking only at the time the manures were 
applied. ‘The type of cultivation was what is locally known as ‘envelope’ 
forking. A three-pronged fork is driven into the ground, levered back- 
wards and forward, and slightly raised till a pocket forms behind it; into 
this, leaf-mould and green-manure are pushed, after which a fresh 
‘envelope’ is made adjoining it across the width of the cultivation row. 
This leaves a ridge and hollow, and the series of ridges and hollows so 
formed run parallel to each other about g in. apart. The soil mass is 
not completely inverted. 

3. Double manuring v. single manuring.—The single dose provided, 
per acre: nitrogen 40 lb., phosphoric acid 30 Ib., potash 20 Ib. Applica- 
tions were made annually. Every plot received one of each of the above 
main treatments so that all possible combinations were obtained within 
the compass of eight treatments. 

4. Adco compost v. ‘no Adco’.—Replications of the above treatments 
were laid down on six areas that had for the previous four years received 
15 tons per acre per annum of Adco compost, and also on six correspond- 
ing areas not so treated. 
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The effects of these various treatments were studied in relation to 
three characteristics: (a) the resistance of the soil to the penetration of 
a probe; (4) the volume and depth-distribution of feeding-roots; and, 
(c) the yield of tea. Details of the technique used are given in the 
following sections. 


Effect of Cultivation and Weeds on Soil Resistance 


The soil probe designed by Culpin [8] has given under our conditions 
a clear and definite picture of the deterioration of the macrostructure of 
the soil after cultivation. Sieving tests similar to those carried out by 
Keen [9] were attempted, but proved unsatisfactory in a soil that carried 
a crop continuously and was permeated by roots of very variable 
dimensions. 

(a) Untrodden soil—For purposes of comparison, preliminary 
measurements were made on a fenced and untrodden area in the same 
field as that containing the experiment. This area was without crop, 
but was otherwise identical with the experimental area in all pemelie 
After ‘envelope’ forking, the ridges were lightly levelled in order to 
afford a reasonable datum line, and probe-measurements were made. 
Thereafter the land was divided up into six plots of which three, in 
randomized order, were covered with a 3-in. thatch of a tall grass 
(Andropogon nardus). In this condition they remained for 17 months. 
After 5 months, and again after 17 months, resistance-measurements 
were made with the probe. In doing this no trampling was done and the 
mulch was disturbed as little as possible. The results obtained give 
information on the effect of rain, wind, and sun on the permanence of 
the forking effect. Since there was marked similarity between the 
measurements at 5 and 17 months, the latter only are considered here 
in relation to those made at the beginning of the period. 

Fig. 1a shows the soil resistance in Ib. at successive }-in. depths up to 
g in. for the initial and final probe-surveys on mulched untrodden soil. 
The wearing-off of the cultivation effect has been negligible. ‘The 
instrument has a constant due to friction and its own weight, amounting 
to some 8 lb. The extra force necessary to ensure penetration to g in. 
just after forking is 2 lb. and is actually more than that necessary 17 
months later. The scale adopted is a very open one and shows differences 
that may well be ignored in any practical interpretation of the results. 
Fig. 1b gives similar traces for the unmulched plots. The resistance is 
throughout smaller than for mulched plots; the reason for this is obscure, 
but the point of interest is that the traces for the different times are 
identical, due allowance being made for the error of the determinations. 
This comparison of mulched and unmulched plots makes it clear that 
the heavy rain of two monsoons and the intermittent drying produce no 
crust on unprotected soil. This finding is in marked distinction to those 
of Hénin [10] on temperate soils at Versailles. Hénin describes the de- 
struction of the macrostructure by rain, and the formation of a well- 
defined crust which the removal of the probe occasionally detached from 
the general soil mass. Evidently the crumb structure of this Ceylon soil 
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is more water-stable than that of Hénin’s soil. This divergence cannot 
be regarded definitely as of general significance in distinguishing 
temperate and tropical soils until confirmatory data are available, but it 
is noteworthy that the greater water-stability of tropical soils is recog- 
nized as a factor in minimizing soil erosion, and has been commented 
upon in this connexion by the writer [11] and by Jacks and Whyte [12]. 

(6) Trodden soil_—The soil between the rows of tea (usually 4 €. apart) 
is constantly trampled after cultivation. For purposes of seeding 
weeding, and shade-tree control there is traffic under all conditions at 
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Fic. 1. Soil-resistance measurements. Dotted line: immediately after cultivation. 
Continous line: seventeen months later. 


approximately weekly intervals. Very frequently the soil contains so 
much moisture that in temperate agriculture no work on land in a 
comparable physical state would be contemplated. The effect of this 
treading on the soil macrostructure is marked. 

Fig. 2a shows two soil-resistance curves taken 2} years after the 
previously mentioned field experiment had been started, i.e. when the 
differing treatments had been given time to become effective. One 
curve represents the mean values for normal cultivation (N.C.) and the 
other for intensive cultivation (I.C.). Disregarding for the moment 
their difference in detail, both follow a definite pattern. They show a 
rise in resistance in the first 1} to 2 in., followed by a decrease to a new 
minimum between 4 and 6 in., after which there is a sharp rise in the 
region of less-disturbed soil till finally an approximately constant value 
is reached beyond the depth of cultivation. Fig. 2¢ gives similar data 
from a small-holding which, as far as is known, has received no cultiva- 
tion in the ordinary sense since the original planting. From time to 
time weed-growth has been scraped off without any soil-stirring. The 
same general curve-form is shown. The formation of a resistant crust 
due to treading is very evident and contrasts with its absence in Fig. 1. 
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In greater detail Figs. 2a and 26 show the effect of intensive cultivation 
and weeding on the general shape of these curves. The curve for normal 
cultivation (N.C.) represents the position g months after a cultivation 
operation, whereas the intensive cultivation (I.C.) plots had been worked 
on only 3 months previously. Even with intensive cultivation, a treading 
crust rapidly forms under conditions heretofore described. ‘The more 
frequent cultivation reduces resistance, though but slightly. But after 
g months’ treading, the region beneath the surface-crust is still remark- 
ably open and after 3 months is demonstrably in the same condition as 
at the time of forking. Fig. 2b shows that a weed-cover makes no 
difference to the formation of the trampled crust. This crust effect may 
be compared with that formed on English farms by sheep-treading, 
except that in tea soils it is completely dissipated by the type of cultiva- 
tion subsequently employed [13]. 

It will be shown later that the crust appears to have no effect on the 
development of the root-system; but it ioe an important relationship 
to soil erosion. Lowdermilk [14, 15] has shown that the formation of a 
silted and puddled surface-layer of soil determines the percolation-rate 
of rainfall for the entire soil profile, and thus regulates run-off. Gorrie 
[16] draws attention to the trampling of soil on heavily grazed grass- 
lands in the same connexion. This type of percolation-control un- 
doubtedly occurs on tea soils. It is commonly observed that where a 
trodden path crosses a drain or silt-pit capable of collecting run-off, 
there is invariably a cone of deposited soil heaped up against the vertical 
drain-wall on the upper side. 


Effect of Cultivation and Weeds on Root-distribution 


The main difficulty in root-investigations is to perfect an adequate 
technique. The system of selection of typical bushes from whose roots 
soil is washed away, so that roots can be photographed or plotted in situ 
with regard to a reference frame, has been used with success for a planta- 
tion crop by Nutman [17]. The usefulness of this method depends on 
the degree of certainty with which the small number of chosen bushes 
can be regarded as typical, and serves well to establish qualitative 
differences of root-structure either between related species or between 
markedly different habitats. It is ill-fitted for studying the effects of 
cultivation treatments where less importance is attached to minute detail 
of root-disposition than to the general reaction to treatments within the 
range of their effectiveness. As an alternative capable of giving a quanti- 
tative picture, a method of random soil-sampling and root-separation 
has been adopted. This has not been wholly satisfactory, though for 
each treatment 48 samples were examined. The technique adopted was 
as follows: 

Samples were taken midway between the rows of tea with a wrought- 
iron box sampling-tool measuring 8 x 8 x 3 in. This was driven into the 
soil with a wooden ram, and on two opposite sides the soil was cleared 
to the depth of the lower edge of the tool, i.e. 3 in. By using a curved- 
handled turf-lifter inserted underneath the tool, the block of soil in its 
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container could be cleanly sliced from its position. This procedure was 
repeated for eight successive 3-in. depths without any great difficulty 
and without undue excavation for working-space. When trial samples 
were washed out it was found that the lowest layer contained on the 
average only about 4 per cent. of the weight of roots separated from the 
whole 24-in. soil prism. ‘This depth was adopted in subsequent samples, 
since it was greater than the calivetion-desth and was well below the 
region in which the soil probe-resistance became stabilized. The roots 
were easily floated off from the soil by running a stream of water over 
the sample and stirring the soil meanwhile in a shallow, lipped container. 
The overflow was passed through a small sieve in which the clean roots 
were collected ready for drying and weighing. Only feeding-roots were 
recorded. 

Since the sample size was quite arbitrary and only comparable values 
are required, the results for the various treatments are expressed on a 
percentage basis ['Table 1]. 


TasBLe 1. Effect of Cultural Treatments on Total Root-weights 
to a depth of 24 in. 


Treatment Per cent. mean weight 
(means of 48 samples) 
j Normal cultivation . ‘ : . tox 
(a) 
| Intensive cultivation 95 
(Clean weeding ; : ; ? 96 
(b) 
\ Selective’ weeding ‘ ; : . 104 
j Single manure ; ; ; : 99 
(c 
\ Double manure : : : . I0o1 
j With Adco ; : ; . 103 
(d) 
\ Without Adco , : : : 97 


The differences between the individual constituents of the pairs are in 
no instance significant at the P = 0-05 level of probability, though the 
effect of intensive cultivation is nearly so. Possibly with a larger number 
of samples a negative result might have been avoided, but an increase in 
sample number would have created difficulties. Altogether 768 sub- 
samples were examined. Sampling was quicker work than washing, and 
a larger number of samples would have meant either a longer sampling 
or a longer storage period, neither of which was desirable. 

In any case the results show that treatments of this type have a very 
narrow range of effectiveness in destroying mature, or in stimulating 
new, roots. In view of yield-differences to be reported in a later section, 
the figures for Adco are of particular interest. ‘They give no support to 
the suggestion frequently made in Ceylon that bulk manure enhances 
root-growth apart from its effect on plant-nutrition. 

The sampling of the roots by sections enabled the distribution of 
feeding-roots to be studied. In addition to the survey carried out on the 
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cultivation-experiment, two further areas were included in the investiga- 
tion. One was a similar area carrying older tea, and the other was a 
dissimilar area consisting of the aforementioned small-holding. The 
weight of roots in each sub-sample is expressed as a percentage of the 
total root-weight [Table 2]. 


TABLE 2. Distribution of Feeding-roots in successive 
3-in. Layers (Percentages of Total Root-weight) 


Young tea 


Layer (Experimental plots) Old tea Small-holding 
(in.) cultivated cultivated uncultivated 
°-3 18 16 16°5 
3-6 18 17 17 
6-9 19°5 17°5 17°5 
g-12 17°5 17°5 16 
12-15 10°5 13 II 
15-18 Yj 8°5 9 
18-21 5°5 6 7 
21-24 4 : 4°5 : 6 

Total . : , 100 100 100 

Per cent. in first 

12 in. 73 68 67 


Total root-weight 
as per cent. of 
young tea : 100 155 50 


The first 12 in. of soil in the three localities contain about 70 per cent. 
of the roots. It was originally thought that the even distribution in the 
first 12 in. was due to cultivation, since the depth corresponds closely 
with the depth of soil-stirring as shown by ten sapcsesien. ses But 
when the small-holding samples were complete, the similarity in pattern 
maintained by the depth-distribution figures showed that conjecture to 
be ill-founded. It appears likely that the similarity is due more to 
uniformity in soil than to soil treatment. That there is a marked differ- 
ence in total roots, as a result of cultural treatments, is shown by the 
last line of the table, which gives the total root-weights from the old and 
small-holding tea as a percentage of the young tea. 


Effect of Cultivation and Weeds on Crop Yields 


The most complete picture of the effect of cultural treatments on tea 
is given by the crop yields. The area used for the experiment was 
originally clean weeded and received uniform cultivation of the type here 
described as normal. Some time elapsed, therefore, before the effect of 
treatments became evident. Table 3 shows the gains and losses due to 
weeds and cultivation in combination with other variable treatments. 
Displayed in this way, the interactions between treatments are easily 
demonstrated, but in point of fact none of them was significant. From 
inspection of the mean yields (to which criteria of significance are attached) 
the effect of treatment is seen to start in the second year and to be 
maintained through the third year. ‘Treatment effects are significant over 
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the three-year cycle considered as a whole. The extent of the weed effect 
is surprisingly small. Cultivation has had a definitely significant but 
small adverse effect. ‘The non-existence of an interaction between weeds 
and manurial dose is of particular interest. Admittedly the extra dose was 
a heavy one for such young tea, and has sufficed for the requirements of 
both tea and weed-cover. 


TABLE 3. Effect of Cultivation and Weeds on Crop Yield 


A. Gain or Loss in Yield due to Weeds; lb. per acre per annum 


Treatme nt Ist year 2nd year 3rd year Cycle 
Intensive cultiv ation . . 3 —5 —§3 —5I —37 
Normal cultivation . ; ‘ —13 —107 —43 —54 
jingle manure : : : —9g —77 —50 —46 
Double manure : : ‘ in. — 83 —43 —45 
Mean ; ; : : : —9g — 80** —47** —46** 
Percentage : P : ‘ 50 10°0 7s 8-6 


B. Gain or Loss in Yield due to Intensive Cultivation; lb. per acre per annum 


Tre ‘atment Ist year 2nd year 3rd year Cycle 
Clean weeding : P . : —4 —75 — 33 — 37 
Selective weeding ; : ; +4 —21 —4I —20 
Single manure ‘ : : +6 —23 —18 —I12 
Double manure . ; ‘ —7 | —73 —5§5 —45 
Mean : ; . : ‘ ° —48* —37* — 28* 
Percentage ‘ , : . ° 6-0 5°9 53 
Mean annual yield per acre per lb. 180 | 798 627 535 


| 


Significant values P = o- os*; P = o-o1** 


Effect of Bulk Manure on Yields 


The effect of the pre-treatment of the sub-blocks with Adco manure 
was apparent throughout the whole experiment. Visual inspection of the 
plots showed that those areas receiving the bulk manure produced rows 
of tea that covered the ground more completely than their counterparts 
not so treated. The most striking difference was between the shade 
trees (Erythrina lithosperma) on the two areas: establishment and growth 
were good where Adco was applied, but were a failure elsewhere. 

The total amount of plant-nutrient applied as bulk manure was con- 
siderable and the yields have benefited accordingly. After pruning, and 
before normal plucking started, the young developing shoots are allowed 
to grow for some 4 months and then tipped, i.e. broken back to 4 in. 
from the pruning-cut. The dry weights of this new growth were found 
to be 217 Ib. per acre for Adco plots and 111 Ib. per acre without Adco. 
Table 4 gives the effect of Adco over the whole cycle and the effect of 
Adco on the yield-increases due to the application of artificial manure. 

The tipping operation, being a levelling one, robbed the yield-difference 
in leaf for the rest of the first year of its significance, but thereafter a 
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highly significant effect was produced. There was no significant inter- 
action between Adco and the different levels of artificial manuring. 


TaBLeE 4. Effect of Adco and Artificial Manure. Yield- 
increase in lb. per acre due to Adco 


Isi year 2nd year 3rd year Cycle 
Single manure with Adco . F 31 151 146 110 
Double manure with Adco : 35 169 169 124 
Mean 33 160** sso" Ty based 
Percentage 8°3 20°0 25°2 21°9 
Mean yield per acre . : . 180 798 627 535 
Discusston 


The results of the investigations here reported have a definite bearing 
on agricultural practice on tea estates in Ceylon. They tend to confirm 
the view that moderation in all cultural operations gives the best results. 
No extra crop is to be expected from frequent “cultivation, a result 
consonant with Cooper’s findings (loc. cit.) As far as can be told, the 
intensive stirring of the soil makes no difference to the distribution of 
the root-system, and is no help at all, but probably a hindrance, to the 
production of a large volume of feeding-rootlets. ‘The slight pan that is 
formed by the constant treading does not impair the distribution of 
roots in that region, and the main reason for forking as judged from 
these experiments is to break up that pan in the interests of soil erosion 
and run-off control, rather than to obtain living-room for the roots. 
Annual forking is ample, and the spreading of that operation over two 
six-month periods in alternate rows (a method very common in Ceylon 
in order to provide an occasion for the working-in of artificial or green 
manures as the latter mature) offers adequate soil disturbances to ensure 
good growth and yield. 

The practice of clean weeding is shown on a short-time basis to give 
the best yield results, but the yield premium it gives is surprisingly 
small. If grasses are removed and other weeds controlled, a more or 
less complete carpet of soft weeds interferes but little with yield- 
potentialities, even in young tea where the lack of density of the major 
crop makes their growth quick. The practice of choosing, as a result of 
an actual trial, some three or four weeds which will give adequate protec- 
tion against soil erosion, and of checking any slight oiii-dealion by 
extra manuring, appears to have distinct possibilities in conserving soil. 
On the basis of these experiments, the fear that the weeds, not the tea, 
would get the manure appears ill founded. 

It would be premature to suggest that, since tea is a forest species, it 
should be allowed to grow under unrestricted or nearly unrestricted 
forest conditions. When a plant is taken as a crop plant, interference 
with its normal habits of growth must follow, and with tea the interfer- 
ence is severe. Without pruning, the crop of young leaf suitable for 
manufacture would be insignificant, and, since rapid growth of young 
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shoots is desired, free play to the stabilizing influence of natural eco- 
logical competition seems impossible. But there is room for a move- 
ment away from extreme positions 1n the interests of soil conservation. 


Summary 


. The effect of intensive cultivation, and of leaving a selected weed- 
cover in a tea experiment is described with respect to (a) soil resistance, 
( ap volume and distribution of roots, (c) yield. 

Tea soils under cultivation programmes of very varying intensities 
ine a characteristic pattern in their resistance to the C ulpin soil-probe 
at depths up to 24 in. A surface-crust forms, not as a result of rain or 
other weather conditions, but as a result of continual treading. Beneath 
this crust the soil remains porous for a considerable time after cultiva- 
tion. The surface-crust is an important predisposing cause of erosion. 

3. Root-development also shows a similarity in distribution irrespec- 
tive of cultivation, but root-volumes are markedly different under 
different cultural conditions. Intensive cultivation probably, but not 
certainly, decreases root-growth. A technique of root-sampling is 
described. 

4. Both weeds and intensive cultivation reduce yield, the former by 
8-6 ) per cent. and the latter by 5-3 per cent. over a three-year period. 

The effect of bulk manure on yield and root- -growth can be ex- 
ainiad only on the assumption that the mechanism is entirely nutritive, 
“a that bulk manures do not stimulate root-growth in any other special 

vay. 

The bearing of these results on plantation practice is discussed. 
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CONTROL OF PRODUCE BUYING IN AFRICA 
V. LIVERSAGE 
(Agricutural Economist, Department of Agriculture, Nairobi, Kenya) 


Is monopoly control desirable?—Colonial territories are now facing an 
economic issue of far-reaching importance. Should the competitive 
marketing system, with its obvious deficiencies, be replaced by central- 
ized control? Since it is not contemplated that the marketing functions 
should be discharged by an official body, and since native communities 
are generally incapable of maintaining the sort of control usually called 
‘compulsory co-operation’, the question resolves itself into that whether 
any one firm, or combination of firms, should be given a monopoly, 
so that, being freed from the shackles of competition, they will be 
enabled to put into practice the needed reforms? 

This question appears, so far at least, to have been answered differ- 
ently in East and in West Africa. 

Advantages of control.—Control is particularly desirable in order to 
maintain a high standard of quality in the produce. Attempts have 
been made to raise the standard by means of inspection at the point of 
first sale and grading at the port of shipment. Inspection on first sale 
has brought about a considerable improvement in the standard of maize 
sold by natives in Kenya, though with cocoa in the Gold Coast it is 
not, apparently, hoped to do more than eliminate the grosser forms of 
adulteration [1]. Bukoba coffee, though prepared by natives under 
supervision and again inspected as it leaves the eae Bro hands for 
export, was found to undergo a process of adulteration in between [2]. 

Though inferior produce may not be able to pass the coast inspection, 
this does not prevent its purchase from growers in the interior. As 
was found with coffee in Bukoba and wattle bark in Kenya, inferior 
= is often consigned to the coast on the chance that export will 
ye permitted, rejections being regarded as a normal trading risk for 
which allowance must be made in the price offered. Under a com- 
petitive marketing system there is seldom any differentiation in the 

rice paid to the grower. Whether it is cotton in Nigeria [3], or even 
in the United States [4], or Brazil [5], cocoa in the Gold Coast [6], 
maize in Kenya, a uniform price is offered for all qualities, and the 
grower has thus little incentive to bother about quality. In fact, if he 
can get away with more dirt in his cotton or more moisture in his maize, 
he thinks himself the gainer. Payment on a basis of quality is generally 
impossible, if only for the reason that the first buyer seldom has the 
requisite knowledge to assess the grade. An effective means of meeting 
the situation has appeared to be elimination of competition. “There is 
no doubt that in the marketing of produce in which a high degree of 
quality is desired . . . the elimination of competitive buying enables the 
grade of produce to be set at a higher standard. Experience in Uganda 
with all native produce shows that, where marketing is uncontrolled, 
and where there is in consequence a scramble at the place of sale, any 
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attempt by the buyer to insist on a higher standard of omy: at the time 
of purchase from the grower is immediately nullified by the fact that 
competitive buyers are willing to purchase rejected produce’ [7]. 

A second reason for control is the elimination of abuses which arise 
from militant competition among buyers. One example is the excessive 
loans which are issued to cocoa-buying agents in the Gold Coast, and 
by them to the growers. Another is the wasteful use of transport in 
the collection of East African cotton. ‘Native growers now expect, as 
a matter of course, that a motor lorry will come as near to their huts as 
possible in order that their seed cotton may be conveyed to market. 
It is a service which has to be paid for heavily, because the owner must 
accompany his cotton to the market. . . . The cost of such transport is 
deducted from the price. . . . As transporters travel long distances, up 
to eighty and ninety miles from a market, looking for cotton sellers, 
and then return past several buying points to their market of origin and 
finally are obliged to take the native sellers back to their homes, the 
cost must be out of all proportion to the value of the seed cotton’ [8]. 
There is sometimes also a suggestion that when buyers are pressed by 
competition they will attempt to save themselves by fradulent weigh- 
ment, whilst erratic oscillations of prices will unsettle the native growers. 

In West Africa the authorities have been content to institute inspec- 
tion and grading services, and to carry these back as near the point of 
first sale as possible. Commercial interests have not been content to 
leave it at that, however. Cocoa-buying firms concluded in 1937 the 
now famous Buying Agreements, under which each firm was to have 
been allotted a certain quota of the market based on its purchases in 
previous seasons, to pay a standard price for cocoa and a standardized 
rate of commission to buying agents. Though the first official reaction 
was to approve the Agreements, the matter was examined by the West 
African Cocoa Commission, who recommended their abrogation. In- 
stead, the Commission recommended an attempt to achieve the main 
object by producers’ co-operation. 

In East Africa, on the other hand, the principle of limitation of com- 

etition has been widely adopted. Commodities affected include cotton 
in Uganda, Tanganyika, and Kenya, wattle bark in Kenya, cashew nuts 
in Kenya and Tanganyika, tobacco, coffee, ground-nuts, and sesame in 
Uganda, tobacco in Kenya. So that the growers may not be victimized, 
provision is made for the supervision of prices by the Director of 
Agriculture. The principle has even been extended to road transport. 

Monopoly veel in Uganda.—The Uganda cotton industry presents an 
excellent concrete example for the study of monopoly control in action, 
because of the unusual amount of documentary material available to the 
public. The case for control may be said to have been opened by the 
Commission which reported on the Uganda cotton industry in 1929 [9]. 
Subsequent commissions and committees and Directors of Agriculture 
have generally supported the theories put forward by this Commission. 

The Commission observed that Uganda was heavily over-ginned, 
and that ginners were making little or no profit. They noted allegations 
of fraudulent buying on the part of Indian buyers and supposed that the 
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intensity of competition for raw cotton would tend to drive buyers into 
underhand courses. They argued that, since the ginning industry was 
over-capitalized, the abo of overhead costs must be greater per bale 
of cotton handled. Though they did not explicitly state that this un- 
necessary addition to costs must be paid ultimately by the grower, the 
assumption appears to be implicit in their Report. It was supposed that 
the upshot of a period of intense competition would be that the survivors 
in the fight would eventually come to terms and agree to pay such prices 
for raw cotton as would compensate them for their past losses. The Com- 
mission expressed the opinion that ginners should combine for the pur- 
ose of self-preservation: “The most satisfactory solution of the problem 
is the formation of one association of ginners for the Protectorate . . . 
into which the interests of the individual firms should be merged.’ 

The idea of combinations of ginners on the lines suggested was no 
doubt borrowed from India, where ginning ‘pools’ have been in opera- 
tion, in some districts, at least as far back as 1903. The system which 
has grown out of the Commission’s recommendations is that the cotton 
area is divided into zones, in each of which the ginners have combined 
into a pool. The movement of cotton from one zone to another has 
been prohibited. Redundant ginneries have been closed down and 
erection of new ginning capacity prohibited. Each ginnery in a pool is 
given a quota of cotton for the season. At the time of purchase of raw 
cotton the ginner pays into the pool a sum corresponding to the lint- 
value of the cotton after a deduction for the out-of-pocket costs of 
purchase, ginning, and baling. The pool funds are distributed at the 
end of the season in proportion to ginners’ quotas. The effect is that 
ginners who exceed theie quota contribute something to those who do 
not, and economies resulting from increased turn-over are neutralized. 
The incentive to engage in a scramble for cotton is thus reduced. In 
theory the pool committees fix the prices to be paid to growers in the 
zone, but in practice the prices are fixed by the Director of Agriculture 
on the advice of a price-fixing committee at the beginning of each 
season, on a sliding scale in accordance with lint prices. The prices 
are styled ‘minimum’ prices but, since the ginning pools are given a 
copy of the scale and are thus in a position to make the necessary routine 
pe hm the minimum and the actual naturally coincide. In fact, 
a committee of 1936 recommended that, in order to avoid the possibility 
of there being slight differences in minimum prices as calculated by the 
ginners and by the Government respectively, both parties should accept 
the lint quotations as obtained by the Director of Agriculture [10]. 

In view of the influence which the 1929 Report has exercised upon 
subsequent development in East Africa generally, it is worth while 
examining certain points in the report, as well as in the circumstances 
of the cotton industry in Uganda. It was natural that administrators, 
when attempts at mere regulation had failed, should desire to cut a 
way out of their difficulties as quickly as possible. There was a feeling, 
too, that control under competitive conditions would have to be exerted 
at so many points that the cost would be beyond the reach of the local 
treasuries. A further influence tending in the direction of control was 








ft et eS ere oO © 


- = —_a ieee oem ee tt ef 


rToneogend 


ts DO me DD meee ew I OO ~ § QAM 


ort O =r 


[ Oe Dm DO DO mw es OY 


_ 





XUM 


CONTROL OF PRODUCE BUYING IN AFRICA 283 


the struggle between Europeans and Asians in the industry. The view 
which would be gathered from European sympathizers is that Asian 
methods outdo those of the ‘economic man’ 1n virulence of competitive 
tactics and would keep the industry in a perpetual state of instability. 
It is commonly said that, not only will Asian firms operate, if necessary, 
on bare prime costs, but will even go below them in an effort to drive 
their competitors from the field. ‘Thus official interests in the direction 
of quality control were reinforced by the interests of powerful groups 
in the cotton trade. 

It should be explained that raw cotton is usually bought outright by 
ginning firms, who gin the cotton and sell the lint and seed to merchant- 
exporters. A certain amount of cotton is bought by ‘middlemen’ and 
ginned to their order. 

In the first place, it is as well to be on guard against the assumption 
that the over-capitalized state of the ginning industry in East Africa 
was in any way abnormal. A similar state of affairs is found in the older 
cotton areas of India, and in the United States of America the facilities 
‘are sufficient to gin the entire American crop in 30 days’. Moreover, 
if in Uganda the machinery erected was sufficient to gin the 1937 crop 
of 131,000 bales in 53 days [11], it must be realized that production, 
except for a set-back between 1925 and 1928, was rapidly increasing. 
From 36,000 bales in 1919~—20 it has since risen to a peak of over 400,000 
bales. Some anticipatory investment might have been expected. With 
regard to the belief that competition had assumed an abnormal form, 
there may be even stronger grounds than in West Africa for believing 
that ‘there is some degree of fallacy in this assumption’ [6]. 

Turning to the Report of the 1929 Commission we find it accepted 
that, in consequence of intensive competition, growers had received 
what was ened as an inflated price for their cotton. The Commission, 
however, preferred to place more weight on theory than on observed 
fact: ‘an industry cannot go on indefinitely paying more for its raw 
product than is economic. The time must come when a halt must be 
called; and the survivors in the fight will probably come to terms among 
themselves with a view to paying such prices only as will compensate 
them for their past losses.’ As to the fear of ultimate monopoly, examples 
are certainly found in India, Egypt, and West Africa of such a develop- 
ment, but there has always been a limit to the power which monopolistic 
combinations have exerted. Ginners’ combines have existed in most 
districts of India for a long period, but they have not been very stable. 
From time to time they are broken up and reformed, and the exertion 
of monopoly power has generally been restrained by the danger of 
‘piracy’. In the West African cocoa trade ‘periods of intense competition 
amongst companies attempting to increase their business in order to 
spread their overheads have frequently ended, after a number of liquida- 
tions, either in amalgamations or in trade agreements between the most 
eae of the remaining competitors’, but, nevertheless, ‘agreements 

ave tended to be regarded as breathing spaces between bouts of fierce 
competition and . . . they have invariably broken down through com- 
petitive forces re-establishing themselves’ [6]. Nor, to judge from the 
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example of the sugar industry, does Uganda experience itself provide 
any strong grounds for the fear. As Lugard said, ‘Unless . . . monopoly 
is supported by State aid it is difficult to establish, for the monopolist 
must be continually buying out the independent trader, or underselling 
him, which means increasing the purchase price’ [12]. The Commission, 
however, recommended precisely the monopolistic organization which 
was the ground of their fear, and we are left to infer that under this 
system the power of Government to prevent depression of prices to the 
growers was expected to be greater than under the competitive system. 

Again, the Censnieion was concerned about the over-capitalized 
state of the ginning industry, and it is therefore surprising to find them 
anxious that writing down of capital should not take place: ‘If ginnery 
owners fail and are compelled to sell their ginneries, these latter will 
be bought at low prices by newcomers to the industry who are willing 
to take their chance. In this event the ginners already existing, who 
have paid full prices for their ginneries, will have to face the competi- 
tion of those who have expended comparatively little capital, or they 
themselves will have to buy the ginneries and es add to their already 
over-capitalized position in order to avoid competition of this nature.’ 
However desirable it may be in the interests of established ginners to 
prevent this contingency, it is an unexpected conclusion that the growers 
would benefit by such prevention. An additional sidelight on the Commis- 
sion’s approach is thrown by their recommendation that the growers and 
the Government [sic] should combine to reimburse ginnery owners for 
surrender of ginning rights in respect of sites which were designated 
as redundant. 

It was realized that the final effect of the formation of ginning pools 
would be to place the growers in a position in which they might be 
exploited by the pools, and the Commission attached to their recom- 
mendations the proviso ‘that proper safeguards are devised and enforced 
to ensure that fair prices are paid . . . to the growers for their cotton’. 

Marginal costs—The probable results of this kind of price control 
merit careful examination, and for this it is necessary to use what is 
referred to in economic theory as the ‘marginal’ method of analysis. 
Consciously or unconsciously, marginal analysis is used habitually by 
business men. The conclusions derived therefrom form one of the 
mainsprings of economic activity, though when men try to theorize 
about their actions they are inclined to deny that they act thus, partly 
from a feeling that to yA so is to transgress the rules of ethical business 
practice. The methods of conventional accounting largely ignore mar- 
ginal analysis. 

The marginal cost of an undertaking is the extra cost entailed, and 
it depends on the circumstances in which the action is undertaken. 
If we can imagine the cost divided into fractional increments, there 
comes a point somewhere at which the extra or marginal cost just 
balances the return obtainable from the last increment of expenditure; 
this point is spoken of as the ‘margin’. Beyond this point the business 
man will be disinclined to venture on any further expenditure. 
Whereas in agriculture each succeeding increment of expenditure 
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often produces a smaller return than the preceding (diminishing returns), 
in secondary industry the contrary is usually the case up to a certain 

oint. ‘Overhead’ costs do not vary appreciably within fairly wide 
lenis of output. In a ginnery, for instance, the cost of installation, 
interest on capital, depreciation due to obsolescence, salaries of technical 
staff, rent of the site, &c., are more or less constant within the capacity 
of the plant. The greater the quantity handled the lower the overhead 
charges per unit of output. Once the overheads are provided, the addi- 
tional cost occasioned by each increase in output—the marginal cost— 
is represented by the mere cost of labour ae materials, and even this 
tends to decrease with economy in buying larger quantities and better 
organization of labour. 

The troubles of the Uganda ginning industry arose from the fact that 
ginners struggling to maintain or advance their position quoted prices 
influenced by considerations of the marginal cost of the additional 
trade they expected to secure. This practice is one against which 
industrialists the world over have to contend, though it is perhaps more 

revalent in the East than in the West. Any reduction in ginning margins, 
Seon, has to apply to the whole of the cotton ginned, and the ginning 
margin per pound over the whole quantity is reduced, to the dissatisfac- 
tion of those whose output is not increased. Ginners fear that the 
ultimate result will be to decrease the general rate until there is nothing 
left for interest on capital and profit. Theoretically, of course, in the 
long run the prices of services and goods must be high enough to cover 
not only marginal costs but average costs, including interest at com- 
petitive rates, cost of maintaining the plant, and reward for management 
and risk, but this does not work out in any simple way in practice. The 
long run is rather a succession of short runs, with the result that, as 
Gide remarked, ‘although at a given moment the general price of the 
market is determined by the maximum cost of production (meaning 
the cost in the least efficient firm necessary to supply the demand) in 
the long run it is determined by the minimum cost of production’ [13]. 

We may now turn to an idea which appears to be implicit in the 1929 
Report, namely, that since too many ginneries had sprung up the 
burden of overhead charges must result in a higher cost per bale of 
cotton and a lower price to the grower. But capital invested in buildings 
and plant cannot be redeemed. Its value depends upon the trading 
profit and not vice versa. ‘When capital is once fixed in definite forms 
the question of the original money cost of the capital does not enter 
into the question of the profitableness of using it. . . . The entrepreneur 
will find it to his advantage to use the capital rather than let it lie idle, 
so long as its use adds anything to total net income. A machine may 
be worth using, even though not worth replacing’ [14]. In short, capital 
already invested plays no part in determining the ginning margin. 
Interest on such capital is determined in much the same way as the rent 
of land, and falls under the classification of a quasi-rent. Only in the 
sense that in the long run a low return on ginneries will discourage new 
investment can interest on capital be said to influence the cost of ginning. 
Attention may, then, profitably be directed to the state of the investment 
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market. In East Africa there has nearly always been a scramble for 
the right to put up any new ginnery which may be sanctioned, and this 
is an indication that the industry is yielding profits at least high enough 
to give market rates of interest. If, as has certainly happened, existing 
ginneries are able to command annual rentals above the cost of the 
owner’s outgoings and wear and tear, there is clear evidence that operators 
are willing to accept a lower return than contemporary profits afford. 

It is difficult, if not impossible, to bring marginal considerations into 
the fixing of official minimum prices. The usual procedure is to estimate 
average costs and to devise a scale of prices for the raw produce varying 
with the export value of lint and seed. Marginal costs, however, play 
an important part in the determination of competitive prices. In one 
— the power plant and part of the building may be used for 
oilseed-crushing or anes A and the managerial and technical 
staff serve the two purposes. Another firm has interests in the sale of 
motor spirit and is thus able to undertake transport at a lower cost. 
Many ginners are at the same time dealers in cotton, and some actually 
control spinning mills. Whereas in most cases buying agents are em- 
ployed on commission, in some cases local traders perform this service 
free of charge, for the reason that the purchase of raw cotton is often 
followed by the sale of merchandise. In some smaller concerns, as the 
1938 Uganda Commission [15] noted, the technical and managerial 
functions are carried out by members of the family; this observation is 
significant in view of the generally accepted theory that ginning costs 
vary inversely with the bale outturn; the Commission’s statement that 
‘it is obvious in such cases, where the bale outturn is markedly below 
the average for the zone, the ginnery is being operated at a disadvantage’ 
is clearly a non sequitur. ‘The West African Cocoa Commission observed 
certain anomalies arising out of marginal considerations in the schedule 
of marketing expenses by which the firms participating in the agreement 

roposed to relate local prices to world values. There was an item of 
hes charges which poor 5 often be avoided by firms who were importers 
of merchandise as well as exporters; brokerage, which did not apply in 
the case of cocoa bought by manufacturers for their own use, or cocoa 
sold without the intervention of a broker; of freight to Hamburg, when 
shipments to London were made at a slightly lower rate. ‘By virtually 
onlin local competition and establishing uniform prices the agreements 
suppressed various forms of uneconomic over-payments, but it appears 
that they eliminated certain benefits to producers, occurring under free 
competition, which are to be regarded as normal and legitimate.’ 

Official a official price-fixing there is a tendency to 
allow for all costs which can possibly be admitted. It might seem possible 
to construct a scale of costs caaning fairly closely with practical 
conditions, but in practice these vary enormously. What basis should 
be taken—the maximum, minimum, modal, upper or lower quartile, 
or average cost? All except the maximum would leave some concerns 
below the profit line. Actual costs are difficult to obtain, as the 1929 
Commission found. They are still more difficult to interpret. Where 
sufficient data are not available estimates must be based on a multiplicity 
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of factors. In the cotton-ginning industry as it exists in East Africa 
costs vary with the distance of the buying-points from the ginnery, the 
state of the roads, whether transport is done by the ginner or outside 
agencies, whether the buyers are regular employees or outside agents, 
the turn-over of the buyers, the comparative amounts bought at the 
ginnery and at other points, the possibility of return loading, the outturn 
of the ginnery, the length of the ginning season, the ratio of days worked 
to total days in the season, the distance of the ginnery from the railway 
and the port, the cost of buildings and plant, the personal factor, the 
climate and situation of the areas as affecting salaries and wage rates, 
and numerous other factors. Even if all the necessary statistical in- 
formation were available, enormous complexity would result from an 
attempt to bring them all into a price-fixing schedule. But objective 
data are scarce. Finally, some items must always be subject to judgement 
rather than measurement. It may be urged that the rate of interest used 
should be the prevailing rate to borrowers rather than that obtainable 
by investors. A Kenya firm submitted pro forma accounts, including 
interest at g per cent. on the invested i, 0 though the bank rate at 
the time was 6 per cent., and the writer has even heard it argued that 
because rates of 20 per cent. or over are obtainable in the ‘bazaar’ this 
rate should be allowed on capital invested in ginning, with an allowance 
for true profit in addition. Still less is it likely to be admitted that the 
rate expected by a prospective investor may be influenced by anticipa- 
tion of earnings of management in addition. 

A degree of statistical bias is likely to arise from the fact of the business 
firms’ side of the case being more strongly presented than the growers’. 
The profits, even sometimes the very existence, of the former, depend 
upon the decisions reached. The growers have to depend for the 

resentation of their side of the case on Government officials who may 
. unacquainted with the principles of economics and in the seclusion 
of Government departments may be somewhat out of touch with what 
goes on in the business world; it will be difficult for neutral members 
to avoid being unduly influenced by the arguments, facts, and figures 
which are brought forward by the business firms. ‘The common type 
of price-fixing committee is analogous to a court in which the native 
producer is the defendant, there is no defending counsel and some 
members of the bench are advocates, if not witnesses as well, for the 
prosecution. 

Notwithstanding the statement of the 1938 Uganda Commission to 
the contrary, the ginning margin in East Africa compares very unfavour- 
ably with that in some other areas. In India the rate for ginning and 
pressing has ranged about the equivalent of 10 5. per 400- -lb. bale during 
the past few years. [S. is the East African shilling.] ‘The rate in Lower 
Egypt in 1939 was 125. to 145.; in “ys Egypt (where there is a 
combine) 19 S. to 21 S.; in Cyprus 26S. [16]. Witnesses before the 
Uganda Cotton Committee of 1936 stated that before the fixation of 
‘maximum’ rates, ginning and baling of middlemen’s cotton was often 
done at from 12 5S. to 24S. per bale. By contrast, the official rate is 
40 S. per bale. ‘The margin allowed in the ginning-buying business is 
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something like 55 S. at average lint prices, and is probably even more 
generous to ginners than the rate for middlemen’s cotton [17]. With 
reference to other agricultural industries, statements are frequently made 
that the prices to growers in controlled areas compare unfavourably 
with those in competitive areas. Though it is difficult to make reliable 
comparisons, in view of differing circumstances, the statement appears 
to be well founded in the case of one Kenya industry at least. 
Allegations of depression of prices are usually met by the production 
of pro forma or actual accounts, but the weakness of «Bw is that they 
seldom bear any relation to the incentive necessary to call for the 
services demanded, and are themselves influenced by the form of control. 
Something may undoubtedly be accomplished by adequate arrange- 
ments to ensure that the producers’ side is as strongly presented as 
that of the buyers’, but enough has been said to show that the difficult 
is not merely one of practical operation, but is largely eats | 
Marginal costs cannot well be taken into consideration in a price 
schedule. Further, there is a tendency for long-term effects, such as 
the stereotyping of out-of-date methods of organization and retention 
of obsolete equipment, not to mention the appearance of site values, 
to increase in importance. The task of keeping down the marketing 
margin is rendered more difficult as time goes on by the disappearance 
of valuable criteria with the elimination of competition. It is always 
necessary, too, to be on guard against aiming at a standard of quality 
which may be desirable, but which the market is not willing to pay for. 
The justification of control by elimination of competition must rest in 
the main on securing a higher average price to the grower, whether by 
increasing the intrinsic value of his produce, or by reducing the costs 
of marketing. It is difficult to maintain either that this result has been 
achieved in practice, or that on a priori grounds it could be expected. 
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WINTER FORAGE IN BRITAIN: THE POSSIBLE USE OF 
PAMPAS AND TUSSAC GRASSES 


WILLIAM DAVIES 
(Welsh Plant Breeding Station, Aberystwyth) 


Ow1nc to the acuteness of the labour problem in agriculture, and the 
difficulty experienced by many of the smaller farmers in financing labour 
charges under existing conditions, the trend of thought must always be 
towards reducing farm-labour costs in relation to output. ‘This end can 
be achieved either by increasing output, using the same labour as before, or 
by reducing labour without decrease of output, or by some balance of the 
two. Among the operations that involve large amounts of additional labour 
on the small farm is the harvesting of hay. Either haymaking becomes a 
long business protracted throughout the summer, often with large losses 
in the nutritive value of the product, or an appreciable amount of addi- 
tional ‘peak-period’ labour is employed where it is available. ‘The hay 
crop as harvested in Britain is often of poor quality, and especially in the 
high-rainfall districts of the west and north: dee quality is extremely poor 
compared with that of good spring or summer grass. ‘The making of 
silage as a complement to hay helps in some ways, for once the technique 
is learnt, a product of relatively high nutritive value may be conserved, 
the wastage of time and labour is lessened, and there need be no extra- 
ordinary peak-period demands upon such labour. A disadvantage, how- 
ever, is that the making of silage involves considerable additional labour 
as measured in total hours worked over the whole harvesting period. 

Another method of conserving summer-grown fodder for winter use 
is to leave certain fields unstocked, either for the whole summer or at least 
for the latter part of it. This practice of ‘foggaging’ is an old one. Read, 
in his survey of South Wales [1], found it a common practice to leave 
fields without stock from June onwards in order specifically to provide 
forage for cattle and sheep during the following winter and spring. In 
those days such ‘foggage’ was highly prized, and there can be little doubt 
that if autumn growth was abundant (and the proportion of lattermath 
correspondingly high in the foggage) the product would have consider- 
able feeding value. Davies and Fagan [2] have shown that the latter- 
math crop on young temporary leys, ‘put up’ in July or August and left 
in situ until the following February, retains protein-content of the order 
of 14-15 per cent., calculated on the dry matter. A younger crop ‘put up’ 
in September, or later, was shown to have a correspondingly higher 
feeding value in the early spring. 

Throughout the sheep districts in Wales, considerable reliance is 
placed on ‘foggage’ of various sorts. The trouble is that nowhere is the 
practice systematized, the usual procedure being grossly to understock 
the summer pastures (more or less on a ranching system) and to keep for 
winter use what remains uneaten by the sheep during the growing 
season. ‘This system is by no means limited to the hilly districts of Wales, 
but is the form of grassland management (or mismanagement) most 
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frequently met with throughout Britain as a whole. The system must 
bear severe criticism, for not only is it wasteful of animal feed in any 
particular year, but when continued year after year the pastures grow 
progressively poorer, until they become stabilized at a low ebb of pro- 
duction. This type of farming has, on the one part, appealed to, be on 
the other, been forced upon, the farmers of this country during the past 
few decades. It has the advantage in times of agricultural depression that 
the demands upon capital on the farm are at a minimum. It is, however, 
utterly bad grassland farming, involving not only a continued waste of 
grass and the lowering of output, but is one direct cause of derelict 
fences, of choked drains, and in the long run ends in making farming 
land completely derelict. 

The conservation im situ of grass grown during the summer months 
and designed for consumption during the winter and spring could, if 
properly systematized, provide a valuable part of our grassland farming 
system. If grass of good nutritive value is to be conserved successfully as 
a standing crop it should also be utilized to the best advantage. To turn 
the animals into fields so conserved and to forget about them is wasteful 
of feed; far better is it to turn them in once or twice daily to take their 
feed, and then to return them to other ground. 

The grass from young leys up to five years of age will usually keep in 
situ better than grass from old permanent pastures, and camel where 
the seeds-mixture has included the winter-green strains of grasses. None 
of the clovers conserves well, whilst the grasses found in the poorer 
group of permanent pasture and on outrun leys become unpalatable 
when treated in this way as winter foggage. Apart from grassland, there 
are other crops which can be conserved for feeding im situ, e.g. kale, 
turnips, and swedes. Rye-corn and Italian rye-grass, specially sown for 
winter and spring ‘bite’, form valuable additions to the list, but all of 
these are annual crops and do not fulfil completely the requirements of 
many grassland districts. It would be of added advantage if a perennial 
crop could be found fulfilling the general function of contributing to the 
winter grazing. Owing to its perennial nature the temporary ley holds a 
certain advantage in this respect. 

For growing as special crops for winter feed, two exotic grasses appear 
to have potential value, neither of which has yet been properly tested in 
this country. ‘These grasses are (1) pampas grass (Cortaderia selloana), a 
native of South America and a plant commonly grown in the ornamental 
gardens of this country, and (2) tussac grass (Poa flabellata), a native of 
the Falkland Islands. A few notes are here given relative to the more 
important agricultural and other characteristics of these two grasses. 


Pampas Grass (Cortaderia selloana) 


This grass is a native of South America and to-day is found growing in 
the foot-hills of the Argentine Andes, among other places. Contrary to 
popular conception, however, it is not a plant commonly met with at the 
present time on the pampa of the La Plata Basin. In a recent tour of 
Argentine grasslands the writer found the plant growing wild, and in 
considerable quantities, only in the upper valleys of certain of the 
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Argentine rivers and along the foot-hills of the Andes in Central Argen- 
tina. Pampas grass, or South American Plume grass, is said to have been 
introduced into Europe about a century ago [3]. It is now used widely as 
an ornamental grass in gardens and for this purpose is quite common 
throughout Britain. 

Although pampas grass never seems to have been valued as a fodder 
— in South America, its virtues have from time to time been extolled 

y individuals who have found it useful as fodder [4I. Recently the 
plant has been brought to more prominent notice largely as a consequence 
of experience with it in the North Island of New Zealand. Its value as a 
fodder from the chemical and other points of view have been closel 
considered by Aston and his colleagues in New Zealand [3, 5, 6, 9, 10, 1 nf 

In pampas grass plants are either wholly male or wholly female, so 
that both sexes must be present before fertile seed can be set. ‘The plant 
flowers freely, and, given the presence of abundant pollen, seed is set in 
abundance. The seed is wall (approximately the grain-weight of the 
rough- and smooth-stalked meadow grasses). Establishment from seed 
is slow, and the New Zealand evidence suggests that plants are best 
established under more or less nursery conditions. Seedlings and young 
plants not fully established do not withstand grazing, and the evidence 
suggests that no grazing should be contemplated until the plants are at 
least one year old and well-established. The plant grows to a large 
tussock which may attain a height of many feet; the leafage is coarse, and 
in comparison with British grasses is very harsh to the touch. It appears, 
however, to be surprisingly palatable, especially in winter. ‘The leafage 
remains very winter-green, and the plant is able to withstand severe 
drought. 

Aston and others (loc. cit.) state that pampas grass will yield 50 tons of 
green grass per acre from two cuts made in the year, at midsummer and 
midwinter. In New Zealand pampas grass has been of maximum value 
as a plant providing green fodder both in the dead of winter and during 
periods of drought in summer when normal pastures were at a low ebb of 
production. It has been found that dairy cows fed largely at these periods 
on pampas grass have maintained their milk yields far better than cows 
a access only to ordinary pasturage, or to this supplemented with 

ay. 

Chemical analysis.—The data in Table 1 include the contents of pro- 
tein, phosphoric acid, and lime expressed as a percentage of the dry 
matter in Pampas and other grasses. 

Chemical analysis therefore shows that pampas grass is considerably 
lower in nutritive value than is young grass or clover leafage grown in 
this country. The protein-content is on a par with that of ordinary 
samples of meadow hay, whereas both lime and phosphoric acid are 
markedly low in comparison with summer grass and clover. Many 
samples of English meadow hay are, however, no higher in sig Sa 
acid, whilst such supplementary crops as turnips are even lower. In this 
respect it is to be emphasized that the usefulness of pampas grass resolves 
largely in its value as a supplementary fodder which, like turnips, can be 
consumed in situ by the animal. The New Zealand workers claim that 
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yields of green fodder of the order of 50 tons per acre per annum can be 
obtained from good mature stands of pampas grass. ‘The relatively high 
yield in terms of dry matter, coupled with the claims that the grass is 
quite palatable during winter, and also provides useful out-of-season 
fodder, the composition of which compares with that of ordinary hay, 
are all points suggesting that pampas grass may have a real place in 
British agriculture. 

A supplementary fodder of this nature would prove very useful in 
dairying country in Britain, whilst on sheep-lands and in hilly country 
— nothing is more needed than an efficient winter and spring 
odder plant that will provide sheep, and in particular in-lamb and 
lambing ewes, with a ration of green grass at this period of the year. ‘The 


TABLE 1. Chemical Composition of Various Forage Plants 


Protein P.O; | Lime (CaO) 
Pampas grass [6] , , i 5°43-10°67 | 0°22-0°44 | O°15-0°47 
Cocksfoot [6] . . ‘ F 13°99 0'74 0°49 
Cocksfoot leafage* . : 5 I9‘10 o81 o'9! 
White clover leafage* ‘ : 26°20 o'79 | 1°23 
Tussac grassf . ‘ ; - | §60-10°85 O'29-0°5I =| 0'07-0'27 


* Data communicated by Prof. 'T. W. Fagan and quoted by Davies [7]. 

+ After Davies [7]—data based on air-dried samples with approx. 7 per cent. 
moisture. 
chemical analysis of pampas grass shows it to be on the whole richer in 
nutrients than is the general grass ration offering to hill sheep during the 
months of January to April. If pampas grass could be grown success- 
fully on our hill country the large tussocks would have the added advan- 
tage that they would be available to outdoor stock during periods of deep 
snow—a very material factor to the hill grazier. 


Tussac Grass (Poa flabellata) 


Tussac grass is indigenous to the Falkland Islands and a few other 
places in similar latitudes of the Southern Hemisphere. In the Falklands 
it is much prized as a forage plant, particularly during the winter months. 
It is said to be easily killed out when excessively grazed by sheep, but the 
plant resists better if it is grazed by horses or cattle. It is frequently the 
practice in the Falklands to turn horses on to the tussac islands (where 
the best stands are now to be found) in the autumn and to remove them 
in the following spring. Horses so treated are found to be ‘pig-fat’, even 
after the most rigorous winter weather. A mature tussac-grass plant will 
form a large clump several feet in diameter, and many feet tall. In this 
respect it is very similar to pampas grass. The foliage, however, is softer 
to the touch, and would seem to be more palatable than that of pampas 
en Tussac grass flowers fairly freely, although even in its natural 

abitat seed-setting (as measured by viable seeds) does not seem to be 
equally profuse. In its natural surroundings a tussac-grass community 
will keep itself practically pure without admixture of many other species, 
and will regenerate iteclt from seedlings that become established in 
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any open spaces that may be formed within that community. Below 
the massive leafage of the tussac plants the ground is either bare of vege- 
tation or is covered with a litter of dead leaves shed from the mature 
plants. 

The underlying soil is always quite peaty (a dry ‘layered’ peat). The 
tussac gives shelter to a continual flow of wild life, in particular to sea- 
fowl and seal. ‘These birds and animals appear to have two important in- 
fluences upon the maintenance of the tussac. First, by trampling and 
scratching they ‘intercultivate’ between the plants, and secondly, by 
their excreta they manure the soil and maintain a constant supply of 
available plant food. ‘This dual function, attributable to the wild life, 
appears to be of fundamental importance to the healthy ofmaintenance 
the tussac plant, because away from its natural habitat—the sea-coast— 
it does not flourish except in enclosed chicken-runs. Plantations made 
within such chicken-runs throughout the Falklands are found to show 
vigorous growth and to be healthy in every way. ‘The domestic fowl, just 
as the wild sea-fowl, scratches and excretes in and around the bases of the 
tussac—in short, intercultivates and manures. Given these conditions, 
tussac grass appears to flourish everywhere, irrespective of location or 
soil type within the Falklands. 

Tussac grass has been introduced to Britain at various times; it was 
grown in the Hebrides a century ago [8], but outside a few of the leading 
botanical gardens it has not proved a success. During the past year it has 
been grown from seed at the Welsh Plant Breeding Station, but has 
proved to grow only very slowly from seed, and the year-old plants 
appear to show even less vigour than would normally be expected under 
conditions in the Falkland Islands. It must be added, however, that 
growth from seed is extremely slow, even in the Falklands. ‘There is no 
doubt that, if tussac grass can be made to grow and the plants brought to 
maturity in this country, we should acquire a grass of immense potential 
value as a winter-forage plant. It would appear, however, that the grass 
will have to be started under conditions similar to those in a plant 
nursery, and will have to be grown as a properly cultivated oy It is 
probably a plant requiring considerable attention during the first two 
years; and it also requires heavy manuring, especially with nitrogen, at all 
times. Once fully established, and with proper management and appro- 
priate manuring, the stand should go on indefinitely. It is likely, how- 
ever, that the crop would have to be given complete rest during the 
summer. 

The leafage produced in any one year remains more or less com- 
pletely winter-green; it retains its palatability and, apparently, its nutri- 
tive value through the following winter. ‘The results of chemical analyses 
made on material grown in the Falkland Islands and analysed at 
Aberystwith show that tussac compares favourably with pampas grass 
in respect of protein and phosphoric acid, but is somewhat lower in 
lime (Table 1). As winter forage its nutritive value would therefore be 
about the same as that of average meadow hay. It would, however, 
have the advantage that being fed im situ, no harvesting costs would be 
incurred. 
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DETERMINATION OF THE POTASH REQUIREMENT OF 
SOILS: COMPARISON OF POT-CULTURE, CHEMICAL 
ANALYSIS, AND FIELD EXPERIMENTAL METHODS 


O. DE VRIES anp TH. B. VAN ITALLIE 
(Rijkslandbouwproefstation, Groningen, Holland) 


IN comparing methods of determining soil fertility, the method to be 
tested is often compared with another method which is regarded as 
the standard, e.g. the Neubauer seedling or the Mitscherlich pot- 
experiment methods. As a result it is stated that the method under test 
agrees with the standard method in so many per cent. of cases, or shows 
a correlation figure of so-and-so much; and it frequently happens that 
the investigator is the more satisfied the better the agreement is found 
to be. Nevertheless, a good agreement in such cases means only that 
one of the two methods—and then, of course, the more expensive or the 
more tedious one—can be rejected, because it does not broaden our 
view on the complicated problem of the nutrient régime. When the 
results obtained by the two methods do not correspond, this means 
that they give us a different view on the polydimensional soil-fertility 
problem, so that in combination the reed us more than either of the 
methods taken separately; and this is precisely what we want. It will 
accordingly be useful to apply several such methods in parallel, particu- 
larly when, owing to the complexity of the conditions (nutrient-content 
and status, &c.) our knowledge of the soil in question is small. For 
example, in the routine, testing of light soils, in Holland we always use 
two methods of phosphate determination (extraction with water and 
with 1 per cent. citric acid), which teach us distinct things and are of 
value when conducted side by side; in more complicated cases we add 
three other methods (total phosphate, fixation number, repeated extrac- 
tion) to throw additional light on the problem from other sides. 

When we wish to ascertain the value of a certain method for deter- 
mining soil fertility, we should compare it with others that provide 
information concerning the whole nutrient régime (effect of different 
amounts at different nutrient levels, after-effect, exhaustion of the 
soil, &c.) from field experiments and from practical experience. In 
this paper we describe an investigation of this kind, which does not 
pretend to be exhaustive or without flaw, but which might serve as an 
example and as a subject for discussion. We studied both the phosphate 
and the potassium problem from these points of view; in the following 
we restrict ourselves to a discussion of the potassium problem. 

Three soils were used: 

(1) A sandy soil from a large experimental field (Pr 280) at Midlaren; 
poor diluvial sand, reclaimed from shrubs about thirty years ago 
and poorly manured; 

(2) a ‘zavel’ soil from an experimental field (Pr 201) at Pieterzijl; a 
very light and sandy marine clay deposited centuries ago along 
the shallow north coast and evidently deficient in potassium; 

(3) a river clay soil from an experimental field (ZGe 14) at Afferden. 
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Soil from the unmanured plots of these fields was used for pot- 
experiments according to four methods, viz.: 


(a) Frame-experiment: undiluted soil in square, bottomless cement 
frames of 6-25 sq. dm. surface and filled 20 cm. deep with soil, 
which rested on a layer of poor sand; the frames were placed in 
the open and exposed to the weather without watering; 

(6) pot-experiment with undiluted soil in Mitscherlich pots (surface- 
area 3:08 sq. dm.), kept at 50 per cent. of the full water-capacity; 

(c) same as (d), but soil diluted with two volumes of sand; 

(d) same as (c), but kept at 100 per cent. water-capacity, as in the 
Mitscherlich arrangement of pot-experiments. 


The following data will serve to characterize the soils in question. 


TABLE 1. Data concerning the Experimental Soils 





| 1. Sand | 2. Zavel | 3. Clay 
Humus-content, per cent. ; ; | 58 1°2 I*4 
Clay-content (<o-o2 mm.) percent. . 4 28 | 35 
Fine sand (0-02-0'1 mm.) ” | 33 | 54 | 34 
Coarse sand (>o-1 mm.) i | 58 14 | re 
CaCO, per cent. : 7 ° 2°97 2'2 
PH in water P ‘ : : el 50 | 7°4 a 
pH in KCl solution . : : a 4°2 6°5 7°2 





All three soils showed marked potassium-deficiency. Results from 
field experiments with oats were not available, as this crop had not 
been grown on the experimental fields in question; but the following 
results had been obtained with other grain crops grown in the field: 


TABLE 2. Response of Wheat and Barley to Potash Manuring on 


Field Soils 

2. Zavel soil, summer wheat, 1936 and 1937: Yield of Grain and Straw. 
K,O, kg./ha. © . ; ‘ 89°3 q./ha. or 89 per cent. 

80. . - 96°4 0 96 os 

180 . . - 99°8 9 99 es 

480. . . - 00'S eS 100 “ 

3. Clay soil, barley in 1937: 
K,O, kg./ha. Go . ; ‘ 65°1 pa 78 ” 
150. Fr * 83:0 a 100 ia 


Chemical analysis of the three soils gave the figures shown in Table 3 
on the next page for the unmanured soil used in the pot-experiments. 

The pave obtained by the four pot-experimental methods are 
depicted in Figs. 1-3. The upper part of Fig. 1 shows the yields in 
quintals per hectare for grain and straw of oats; the frame experiment 
gives figures that are somewhat higher than, but quite comparable 
with, those obtained in the field (cf. ‘Table 2), so far as figures for oats 
can be compared with those for wheat or barley. The pot-experiments 
show much larger yields, which may be three to four times those in the 
field; the highest yields are obtained by the Mitscherlich method, in 
which the soil is attacked most energetically (soil only 1/3 by volume, 
and kept at full water capacity). The results for the three types of soil 
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are the same in all experiments: clay gives higher yields than zavel, and 
zavel more than sand; when less potassium is given, the depression in 
yield increases the more energetically the soil has been attacked (the 
curves are steeper at the right of Fig. 1), and this is less for clay, more for 
zavel, and most for sand. 

One finds here, therefore, a characteristic difference: the frame 
experiments show an effect of potassium (including that already present 
in the soil as well as that added as fertilizer) that resembles the effect in 
the field and is about the same for the three types of soil; the pot- 
experiments, especially the Mitscherlich ones, indicate a much larger 
potassium reserve (causing a smaller depression in yield when insufh- 
cient potassium is given) in the clay than in the zavel and the sand. 
TABLE 3. Potash-contents (mg. K,O in roo gm. Soil) of the Soils used in 

the Pot-experiments 
| 1. Sand 2. Zavel 3. Clay 
Potash in 3 consecutive extracts, using 


o1 N.HCl (1:10). . : ; 6, 2, 3 £0; 9; 3 £9; 4,2 
Potash, using o-1 N.HCI (6:25 gm. humus | 


to 300 gm. acid) 3 extractions : ; ‘2,3 
Potash in one extract, 5 per cent. HCl | 

cr 28) ‘ . ‘ : i 32 180 173 
Potash found by Neubauer method . ‘ 43 20 264 
Potash found by Aspergillus method ; 12 22 of 
Potash found by Mitscherlich method ( 

value) ; P : : ; , 53 214 
Potash in the harvested crop, Mitscherlich 

pot-method , ‘ion: ; : 74 II 24} 


It is noteworthy that with an intensity of attack as in method c (soil : 
sand = 1:2 at 50 per cent. water-capacity) the zavel takes a place 
midway between clay and sand, but at the intensity ruling in the 
Mitscherlich method it declines and shows a depression as large as 
that for the sand. Of course, this one series of experiments does not 
justify far-reaching conclusions; but it opens up the possibility, by 
working in this way with different intensities of attack, of bringing to 
light differences in the amount of potassium present in the soil and its 
availability, which may be of importance when judging the potash 
requirement and the manurial programme. 

The lower part of Fig. 1 shows the same figures, but recalculated 
for a maximum yield of 100. This allows a better comparison of the 
magnitude of the depression in yield when potassium is omitted, and it 
also shows that on the sandy soil the higher dose of potassium (480 
kg./ha. of K,O) was harmful in the frame-experiment, but was not 
harmful to the larger crops in the pot-experiments. a 

On comparing these results with those given in Table 3, it will be 
seen that the figures for potassium in the o-1 N.HCI extract and 
determined by the Neubauer and Aspergillus methods present a rather 
similar picture (figures for zavel about as large as those for clay, those 
for sand about half as large), but that the Mitscherlich method gives 
quite another picture, not only in regard to the 6 value (amount present 
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in the soil), but also in regard to the potassium taken up by the crop: 
zavel shows much lower satel than clay and about as large as sand. 
The Mitscherlich figures, however, do not run parallel to those obtained 
byfextraction with more concentrated acid (5 per cent. HCl), for in 
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Fic. 1. Yields of grain+straw (dry matter) per unit of surface for oats by four different 
experimental methods; above in quintals (100 kg.) per hectare, below as percentages of 
highest yield. 
that case as much potassium is found in the zavel as in the clay (180 

and 173 respectively, against 32 in the sand). 

To elucidate these differences it is useful to consider the amount of 
potassium taken up by the crop, both in regard to the potassium- 
content of the dry matter of grain-+-straw, and to the potassium 
harvested in the crop. Fig. 2 shows the figures of potassium-content, 
which for field oats may be normally taken as 1-2 per cent.; in the 
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frame-experiment, when 480 kg./ha. of potash (K,O) are added, there 
is an abnormally great consumption on the clay and the zavel soils, 
and even greater on the sand, thus explaining the depression in yield 
mentioned above. ‘The sand, in which the added potash remains easily 
available and mobile, gives in the frame-experiment a normal yield 
with plants having a high potassium-content; on clay and zavel the 
effect is smaller, evidently because part of the potassium has been 
fixed and is not easily available. In pot-experiments 6 and c¢ the 
higher dose gives a normal or nearly normal potassium-content; in the 
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Yield in % 
Fic. 2. Potash-content (K,O) of the dry matter (grain+ straw) of oats in the experiments of 
Fig. 1. The normal value for the field crop is 1-2 per cent. 
Mitscherlich pot-experiment the normal content is not reached, as 
always happens when this method is used. In the Mitscherlich experi- 
ment the dry-matter content of the plants is greatly increased by the 
regular and abundant supply of water, so that they always contain less 
potassium than similar plants grown in the field. 

The potassium harvested in the crops, which may be calculated 
from the data given in Figs. 1 and 2, is shown in Fig. 3, in the upper 
part per unit of surface and in the lower part recalculated on 100 gm. 
of soil, thereby leaving out of consideration the sand used for dilution. 
The higher consumption of the potassium supply when the soil is 
diluted by sand is clearly seen from this graph (compare c with 5); and 
also the better use that is made of added potassium on the sandy soil 
in pot-experiment 5b (which may also be seen in Fig. 2), causing a 
steeper slope of the curve. It may also be noted that the curves for 
zavel and sand in experiments c and d are similarly disposed: the 
displacement shown in Fig. 1 for the yield of dry matter is not found in 
Fig. 3 for the potassium harvested. 
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It will be gathered that the four methods of experiment, differing in 
the intensity with which the soil is attacked, show results that do not 


run parallel in all cases. By bringing together more data of this kind it 
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. Potash harvested in the crops calculated from Figs. 1 and 
below calculated in mg. per 100 gm. of soil (without sand) in the pots. 
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would seem possible to obtain a clearer insight into the significance of 
the different methods, and to make a well-considered choice between 
them, so that a2 more complete and distinct picture of the complicated 
nutrient régime in the soil is obtained. 
broad scale, comprising laboratory methods and pot-experiments, with 
the field experiment as the basis, seems worthy of the attention of 
investigators in different countries. 


A comparison of methods on a 
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SUGAR-CANE VARIETIES IN MAURITIUS 
AN HISTORICAL REVIEW, WITH PARTICULAR REFERENCE TO 
PRESENT BREEDING PROBLEMS 
G. C. STEVENSON 

(Geneticist, Sugar-cane Research Station, Department of Agriculture, Mauritius) 
Introduction.—It is of more than academic interest to consider the sugar- 
cane varieties which have, from early times to the present day, made 
their contribution to the prosperity of a colony in which sugar produc- 
tion represents the main economic undertaking. Many of the varieties 
now under commercial cultivation are genealogically related to the types 
which were once widely grown, but whose propagation was abandoned 
for one reason or another. Of these once popular varieties, certain have 
been lost, but many are perpetuated in variety collections in various 
countries. Such collections are of historical interest, but their main value 
is to facilitate the description of the older varieties; they have also 
served to clear up some of the confusion in the nomenclature. Until 
recent times varieties have been named after the country of their origin 
or the name of their importer, or on account of some peculiarity in the 
appearance of the canes. In certain cases local names were applied for no 
obvious reason. ‘The consequence was that a variety may have existed in 
several countries under as many different synonyms. As a result of the 
descriptions of old varieties in the collections in Mauritius, Java, India, 
Puerto Rico, Hawaii, and elsewhere, much of the confusion has now dis- 
appeared, and the several distinct varietal ty pes can be recognized under 
their different local names. Further, the distribution of the main 
varieties to the various sugar-growing regions from early times can be 
followed with a fair degree of accuracy. 

Surveyed in retrospect sugar-cane cultivation in any particular area 
can generally be divided into several rather clearly cut varietal phases. In 
early times the growers, once they had found a successful variety, were 

content to cultivate it almost exclusively until some better variety was 
introduced. The earliest grown varieties were evidently of the general- 
purpose type, and they remained commercially popular longer than 
the highly specialized types of to-day. ‘This does not mean that the 
modern seedling varieties are inferior constitutionally to the old types, 
but rather that breeding for adaptation of varieties to a narrow environ- 
mental range has reached such a point that new and improved types are 
being rapidly evolved. 

Disease epidemics have undoubtedly been the major reason for varietal 
changes in all cane-growing countries. In certain instances so severe was 
the sudden outbreak of disease that many must have feared the industry 
doomed. A substitution of resistant varieties for the susceptible ones 
was, however, always successful not only in saving the industry, but also in 
laying the foundations for its subsequent development. The first case on 
record was the sudden failure of the Otaheite cane in Mauritius and 
Réunion about 1840, which resulted in its relatively rapid replacement by 
the Cheribon series from Java. In Brazil gumming disease played havoc 
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with the Otaheite cane about 1860, and the remedial measure was to plant 
the resistant Cavangerie cane. Similar cases of failure of the Otaheite 
variety in Puerto Rico (1872) and in the West Indies(18g0—5) were followed 
by the beginning of the era of the Cheribon-variety series in each case. 
Mosaic disease caused major varietal changes in Louisiana, Puerto Rico, 
Natal, and other countries, whilst in Java it was the severity of the ‘sereh’ 
disease, about 1880, that first made scientific workers realize the possibili- 
ties of producing new and resistant types by controlled breeding methods. 

In the field of plant pathology research has been directed largely 
towards preventive measures against the outbreaks of disease: it can be 
stated emphatically that no cure for a major cane disease has yet been 
discovered, and that in all cases it is only by the replacement of susceptible 
varieties by resistant ones that commercial losses can be minimized in a 
disease epidemic. It is for this reason that breeding for disease-resis- 
tance plays so large a part in the production of new commercial varieties. 
The geneticist has, as his raw material, parent varieties involving varying 
proportions of the blood of no fewer than five species of Saccharum, 
which may show extreme variation in reaction to a particular disease. 
His task is to combine resistance not only to one disease, but frequently 
to many, with other desirable qualities in his seedlings. 

The new commercial sugar-cane varieties can often be traced back in 
a genealogical line which includes several varieties that were once 
popular. M. 171/30, for instance, is descended through M. 27/16 and 
131. P from Guinghan, the local name for the striped Cheviben cane; it 
retains many of the good qualities of its paternal great-grandparent, is 
better suited to the intensive cultivation of to-day, and is resistant to gum- 
ming disease. M. 134/32, a seedling of POJ. 2878 and D. 109, inherits 
the blood of the Cheribon cane from both its parents, and that of the Ota- 
heite from POJ. 2878, through E.K. 28 and E.K. 2. Many of its excellent 
qualities are doubtless due to the superimposition of a trace of Saccharum 
spontaneum blood on that of these once valuable old ‘noble cane’ types. 

It is interesting to speculate whether the ideal sugar-cane variety will 
ever be produced. Even if one can imagine a variety ideally suited to the 
particular set of conditions for which it was bred, it is always conceivable 
that with altered environmental conditions, the outbreak of a new disease 
or pest, or a change in the virulence of a disease organism to which the 
variety is tolerant, our ‘ideal’ cane might soon be rendered commercially 
useless. Probably there will always be room for improvement of sugar- 
cane varieties in one respect or another, and the importance of the 
breeder, working in close co-operation with the plant pathologist, ento- 
mologist, and soil chemist, will increase. 

In the following sections some historical aspects of the cane varieties 
grown in Mauritius are considered, and an attempt is made to clarify 
some of the confusion in their nomenclature. Particular reference 1s 
made to the breeding-value of the several variety types which can be 
recognized. This is assessed largely by the extent to which their blood 
has been perpetuated in the commercial varieties of to-day, and by their 
possession of characteristics that might be useful in producing new and 
improved varieties. 
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Early history of sugar-cane culture —There is now little doubt that the 
cultivated sugar-cane varieties of the world had two distinct sources of 
origin. 

The thick or so-called ‘noble’ canes, belonging to the species Saccharum 
officinarum, arose in southern Asia and the adjacent chains of islands in 
the Indian and Pacific oceans. ‘They were well established in Polynesia 
when the islands were first discovered by Europeans, and were probably 
carried to most of the Pacific islands as food plants in very early times. 
The thin canes were evolved from wild grasses in the south-east corner 
of the mainland of Asia, probably around the head of the Bay of Bengal. 
They spread from India to China, and were grown in both these countries 
as far back as history goes. 

The Arabs carried the cane to the Levant, and from there to Spain in 
the eighth century. It was introduced into Madeira by the Portuguese in 
1420, and subsequently taken to the Canary Islands, the Azores, and 
West Africa. Columbus took the cane to the New World in 1493, from 
the Canary Islands, although some authorities maintain that this first 
shipment to San Domingo did not survive, and that it was a later one 
which was successful in the early days of the Spanish colonization. At 
any rate, the first West Indian sugar was made in San Domingo in 1509, 
and the cane was carried from there to Mexico in 1520, to Brazil in 1532, 
and to Peru in 1533. The French and British West Indies received it 
later, as they were colonized later. 

All the available evidence goes to show that it was a single variety of 
the thin Indian cane which was concerned in the early introductions 
described above, and that the noble canes did not follow to the New 
World until the end of the eighteenth century. This variety, the only 
one to be cultivated in the New World for more than 250 years, was the 
so-called Creole cane, or ‘Cana Criolla’ of the Latin-American countries. 
It soon disappeared from cultivation when the noble canes were intro- 
duced, though it can still be found in a few places. Its interest is now 
purely historic, except from the genetical standpoint. ‘The Creole cane 
has recently been identified with the ‘Puri’ variety of India, and with the 
‘Geel Egyptish riet’, or Yellow Egyptian cane, of Java. Dr. Bremer 
brought forward attractive cytological evidence in 1932 to support his 
view that the Creole cane might have arisen in the first place as a hybrid of 
an Indian cane of the Mungo group and a weak noble cane. 

In Mauritius there appears to be no evidence that the true Creole cane 
was ever cultivated; a complication, however, arises, because a variety 
known as Canne Créole, or Canne du Pays, was grown at the beginning 
of the nineteenth century, apparently mainly for chewing. ‘This cane 
was evidently quite distinct from the true Creole cane. Bouton, writing 
in 1863, associated the variety known locally as Créole with the “Tiboo 
teelon’ or egg-cane of Singapore, which came from Tanna Island in the 
New Hebrides, and was so called on account of the curious way in which 
it bulged out between the joints in the form of a series of eggs. ‘This 
description could not be applied to the canes of the true Creole variety. 

In the sugar-growing countries of the New World the era of the 
Creole cane was followed by that of the Otaheite, or Bourbon, variety, 
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which was the standard cane of the West Indies for almost one hundred 
years. In Mauritius cane cultivation began with the Otaheite variety. 

Era of the Otaheite cane.—Sugar-cane was first introduced into 
Mauritius in July 1650, during the first occupation of the island by the 
Dutch. Mauritius was at that time a convict settlement, and its main value 
to the Dutch was as a source of ebony. When, however, the European 
market became glutted with ebony, it was decided to attempt the produc- 
tion of sugar, and accordingly a supply of cuttings was sent from Java by 
Governor-General Rienertsz of Batavia, in the ship Wolf; they arrived in 
July 1650, with detailed instructions for the planting and cultivation of 
the cane. This venture met with no success, as the plantations were 
destroyed by a plague of rats. The Dutch subsequently abandoned the 
island in 1658, but reoccupied it in 1664. It is probable that a few canes 
of the original introduction escaped destruction, and that they became 
distributed and established to some extent. 

Evidence of cane introductions in these early times is somewhat frag- 
mentary. However, a Dr. ‘Thompson, who subsequently sent varieties 
from Madagascar to Mauritius, is reported to have stated that when the 
French were driven out of Madagascar in 1657 they took the canes of 
Madagascar with them to Bourbon (Réunion), and from thence to 
Mauritius in 1715. It thus appears evident that the early canes of 
Mauritius were not of Indian, but of South Pacific origin, and in the 
writer’s view they were noble canes of the Otaheite group. 

De la Bourdonnais is credited with having founded the sugar industry 
of Mauritius in 1737, whilst Bougainville, during his voyage round the 
world in 1766-8, brought sugar-cane direct from Tahiti to Mauritius and 
Réunion. The latter introduction was without doubt the Otaheite cane, 
though there is no evidence to show that it was not the same cane as was 
already under cultivation. In fact, it probably was, for de Sornay stated, 
in 1920, that prior to 1782 only one cane was cultivated in Mauritius, 

namely the ‘Canne d’Otahiti’ or ‘Canne blanche’, which were local names 
for the Otaheite cane. 

Although Cossigny imported two new varieties from Java in 1782, and 
Bouton (1863) states that Guinghan (= Striped Cheribon) had been 
known locally long before the arrival of Cossigny, the Otaheite cane was 
preferre -d by the planters, and formed the backbone of the industry until 
its sudden failure about 1840. 

‘The Otaheite cane was the standard variety of Mauritius, the West 
Indies, Puerto Rico, Hawaii, and Brazil at various times, and was widely 
grown also in Java. It appears to have been at its best on virgin or 
relatively new land. On irrigated land in Hawaii it frequently gave 
returns of over 100 tons of cane and over 12 tons of sugar per acre. The 
sudden failure of this cane in various countries (v. s.) must be ascribed 
to its extreme susceptibility to the several diseases capable of attacking 
the cane when grown under intensive conditions—notably root-disease, 
gumming disease, and mosaic. Under epidemic conditions the Otaheite 
stock rapidly became diseased, and was soon incapable of yielding an 
economic return. It was therefore abandoned about 1848 and replaced 
by other varieties. 
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That this spectacular failure of the Otaheite cane was due to the spread 
of disease in the propagating material of the original stock is indicated by 
the fact that a disease-free selection of the variety, under the name of 
Lousier, again became one of the dominant canes of Mauritius from 1875 
to about 1900. Lousier originated in Mauritius as a bud sport of the 
striped Mignonne cane, one of the varieties introduced by Caldwell 
from New Caledonia in 1869. There appears to be no doubt that Lousier 
is identical with the Otaheite cane, and that the Mignonne from which it 
arose was a striped variant which had appeared as a bud sport in earlier 
times. ‘This is an interesting example of the existence of a variety in a 
cycle of striped and self-coloured forms, a phenomenon that is common 
to several variety types in the noble-cane group (v. 7.). 

Noel Deerr takes Lousier as the type form of the Otaheite cane, and 
states that his illustration of the variety was prepared from a ripe Lousier 
cane in Mauritius. The same cane was cultivated in the West Indies as 
Bourbon, and in Hawaii and Java as Lahaina. 

Later introductions into Mauritius of the same cane, or of canes which 
were so closely allied to it as to be practically indistinguishable, were that 
of Ardjoeno from Cuba in 1866, Portii from Queensland in 1868, Cuban, 
Lahina, and Keni Keni from Hawaii in 1979. The last three names are 
mentioned by Horne in 1883 as among the varieties most desired by the 
planters at that time. 

Most of the commercial varieties of to-day are of seedling origin, and 
are generally of known pedigree. Where the blood of the Otaheite cane 
persists in the modern varieties, it has been combined with that of hardier 
and more disease-resistant canes in controlled breeding schemes. It 
occurs in the pedigree of POJ. 2878 and its seedlings in Mauritius, but 
not in any of the varieties of local descent. Both the maternal and 
paternal parents of the new Hawaiian seedling 31-1389 are descended 
from the Otaheite cane. 

With regard to future breeding policy, it is doubtful whether Otaheite 
blood will ever again be deliberately introduced in a cross, though 
varieties remotely descended from it will continue to play a large part in 
the hybridization programmes of sugar-cane geneticists. 

The Cheribon cane.—This cane, in its various forms, has probably been 
the most important one in the world. Writing in 1931, Noel Deerr stated 
that it had probably produced more sugar than all other varieties com- 
bined. It has been the standard cane of Java, the West Indies, Louisiana, 
Cuba, Puerto Rico, Mexico, and Mauritius. 

The Cheribon cane exists in a complete cycle of striped and self- 
coloured forms, and appare ‘ntly has done so from the earliest times, as 1s 
indicated by the descriptions of three Javan canes—yellow, purple, and 
striped—in Rumpf’s Herbarium Ambionense, the first known reference to 
cane varieties in any country. The existence of these three variant forms, 
and their wide distribution throughout sugar-growing countries, have 

been the cause of the great confusion in the nomenclature of this variety. 

As has been shown, the Otaheite cane failed first in Mauritius; as a 
result a wide search was instituted for other varieties to replace it. When 
in later years the Otaheite failed also in other countries, Mauritius became 
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a centre for the iets of improved varieties to all parts of the world, 
a valuable collection of different varieties having been obtained from 
several sources. Many of these varieties were of the Cheribon series; 
they proved so satisfactory in comparison with the diseased Otaheite stock 
that they immediately became the favourite varieties of the planters. 

Just as the Otaheite cane replaced the Creole, so the Cheribon cane 
followed the Otaheite in most countries. —The cane became known under 
a wide variety of names, of which the following have been fairly well 
established as synonyms: 

Striped Cheribon corresponds to Red Ribbon, Louisiana Ribbon, 
Rayada, Striped Preanger, Diard Rayée, Bamboo Rayée, and 
Guinghan. 

Light Cheribon is the White Transparent, Crystalina, Caledonian 
Queen, Rose Bamboo, and Diard Rose. 

Black Cheribon is the Louisiana Purple, Morada, Black Java, Beloguet 
or Diard. 

Noel Deerr gives several more synonyms of this cane, and it is probable 

that it has been known under various other names not yet recognized. 

The first known introduction of the cane to Mauritius was that by 
Cossigny in 1782, although Bouton, in 1863, stated that the striped form, 
Guinghan, had been known long before the arrival of Cossigny. If this is 
so, the date of its original introduction is obscure. 

In a list of plants cultivated at the Pamplemousses Gardens in 1785, 
there are three cane varieties: Canne a sucre 4 feuilles rougeatres de 
Batavia; Canne a sucre a feuilles idem et a tiges rouges; and Canne a 
sucre blanche d’idem. ‘These are presumably Cossigny’s two introduc- 
tions, and the original Otaheite cane. It is certain that Cossigny was 
distributing the Guinghan locally in 1789, and there are records of the 
comparative yields of Guinghan and ‘Cosine blanche’ (= Otaheite) from 
fields planted in 1835. 

Following the spread of disease in the Otaheite cane, new varieties 
were introduced from Java in 1850, when more than a million cuttings 
were received in the ship Reliance. ‘This shipment included the varieties 
Belouguet and Diard, which are both forms of the Cheribon cane, and 
were evidently each represented by a light and a dark modification. 

Bolton’s Mauritius Almanack for the year 1854 speaks of the superio- 
rity of the recent importations from Batavia over the Otaheite cane, 
mentioning particularly the Diard, both the colour variants of the 
Belouguet, and the Bamboo. 

By 1858 the sugar industry was again established on a sound footing, 
owing largely to the cultivation of these Cheribon canes, although the 
search for new varieties continued unabated; it was, however, after that 
date that the greatest number of new introductions was made. In 1868 
Dr. Meller was sent to search for new varieties in Hong Kong, Japan, the 
Philippines, New Caledonia, New Hebrides, and Queensland. He could 
not complete his mission, and after his unfortunate death in New Zealand, 
Caldwell was sent to continue the work, and was responsible for the 
introduction of many new varieties, notably the New Caledonian series. 
Later, during a tour through Australia, Fiji, Samoa, and Hawaii, from 
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1877 to 1879, Horne obtained and sent to Mauritius a large collection of 
varieties Ww hich were propagated at the Botanic Gardens, Pamplemousses. 

It is doubtful whether any country in the world had a wider or more 
representative collection of cane varieties than Mauritius at this time, 
for in addition to the introductions mentioned, there are records of 
the receipt of other consignments from the Straits Settlements, E egypt, 
Brazil, and Java. 

It has already been stated that the nomenclature of the Cheribon 

variety series had been extremely confused owing to the adoption of 
particular names in various countries. Of the later introductions to 
Mauritius (v. s.) it is now possible to segregate several of the variety 
names into their correct groups, although the true identity of many of 
the canes introduced under native Javan, Hawaiian, and New Caledonian 
names, frequently mis-spelt in Mauritius, i is still obscure. The following 
introductions of the three colour variants of the Cheribon cane have been 
made subsequently to the earliest introductions discussed above: 

The light form was received under the name Rappoe from Java in 
1866 and from Queensland in 1868 and 1908. As Naga it was introduced 
from New Caledonia in 1869, and as Namuri from Fiji in 1877-9. 

The dark form was received as Meera from Java in 1866 and from 
Queensland in 1868 and 1891, as Java Black from Queensland in 1891, as 
Black Cheribon from Java in 1898, as Louisiana Purple from New 
Orleans in 1913, and as Morada from Mexico in 1914. 

The striped form, under the name Seete, was one of Horne’s introduc- 
tions from Samoa in 1877-9. It was also received as Louisiana Striped 
from New Orleans in 1913 and as Striped Cheribon from Java in 1914. 

It is also probable that several of the other introductions of the period 
1868-79, received in Mauritius under a wide variety of native names, 
belong to this variety group. 

For breeding, the members of the Cheribon series are undoubtedly the 
most valuable among the noble canes. ‘They were themselves cultivated 
until recently in most cane-growing regions, and have been used exten- 
sively for breeding, both in producing superior noble canes and inter- 
specific crosses. Cheribon blood persists in many of the most valuable 
commercial varieties cultivated to-day, and parent varieties in the direct 
Cheribon blood-line are among the finest of the available breeding canes. 
The following diagrams show how the three new Mauritius commercial 
seedlings, M. 171/30, M. 72/31, and M. 134/32, which are becoming 
among the most popular estate canes, are related to Cheribon ancestors: 
M. 171/30 <— M. 27/16 <— 131. P <— Guinghan (Str. Cheribon) 

M. 72/31 x POJ. 2878 <— POJ. 2364 <— Kassoer aes Black Cheribon _ we 
M. 35/17<—-D.K. 74 (= D. 74) < White Transparent (Light Cheribon) 
M. 134/32 ¢ POJ. 2878 < POJ. 2364 <— Kassoer < > Black Cheribon 
’ D. 109 <—- White Transparent (Light Cheribon). 
Many other instances could be given of the value of Cheribon blood in 
variety pedigrees. Characteristics of the derivatives of this line are good 
growth-habit, comparative hardiness, and excellent milling quality. 
Their resistance to the major diseases is generally greater than that of the 
Otaheite derivatives, though often not sufficient for their cultivation in 
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pure stands under the conditions of to-day; therefore in the newer com- 
mercial varieties there is frequently blended with the Cheribon blood 
a small proportion of the blood of some more disease-resistant type. 

‘The present policy in Mauritius, in one particular line of breeding- 
work, is to keep as close to the direct Cheribon blood-line as is possible, 
consistent with the maintenance of adequate vigour and disease-resis- 
tance in the seedling populations. 

Era of the Tanna cane.—The ‘Vanna cane was not cultivated before the 
close of the nineteenth century; it has been one of the most popular and 
valuable canes of Mauritius, and in 1925 occupied 63 per cent. of the area 
under cane. By 1938 this figure had dropped to 38 per cent., andat present, 
though the cane is widely grown, its popularity is declining rapidly. 

‘The ‘Tanna cane is a further example of a cane which exists in a colour- 
cycle of striped, light, and dark forms. ‘The striped form was originally 
introduced to Mauritius under the name of Wopandon, from ‘Tanna 
Island, New Hebrides, in 1869. White ‘l'anna, which has been culti- 
vated far more than the other forms, arose as a self-coloured sport of the 
Striped ‘l'anna at Pamplemousses in 1892. ‘The black form also arose as 
a local sport of the striped one, and more recently a whole series of inter- 
related ‘l'annas has been produced by successive sporting of the various 
forms. Similar sporting gave rise to the Yellow Caledonia of Hawaii, and 
the Malabar of Fiji, both of which correspond to White ‘Tanna. 

The success of White Tanna in Mauritius can be ascribed largely to its 
hardiness, its resistance to gumming disease, and its peculiar adaptation 
to the colder, higher-rainfall districts of the island. A tribute to the value 
of this cane is that its cultivation has persisted in competition with the 
newer seedling varieties. It seems probable, indeed, that Mauritius, with 
its long history of cane-variety introductions, will prove one of the last 
strongholds of an original cane variety under commercial cultivation. 

As a breeding cane ‘l'anna has proved unsuccessful in Mauritius, 
because its arrows are almost completely sterile. ‘The few seedlings it has 
yielded have been inferior, and its blood does not occur in any of the 
present commercial varieties. In Hawaii, Tanna seedlings have been 
obtained in crosses with H. 109, a variety of Otaheite lineage, and would 
appear to have some value as parent varieties. One such seedling is the 
parent of the recent variety 31-1389, which was bred in 1931 and soon 
became the standard cane of certain districts in that country, occupying 
about 20,000 acres in 1939. 

For the future the writer does not envisage the likelihood of ‘Tanna 
blood being used to any extent for breeding in Mauritius, and considers 
it more than likely that with the final abandonment of the ‘Tanna cane 
itself the blood-line will cease. 

The Penang or Salangore cane.—According to Bouton (1863) the 
Penang cane was first introduced by Giquel in 1843. It was certainly 
among the varieties that came from Java in the ship Reliance in 1850, 
following the failure of the Otaheite cane, and soon afterwards became 
one of the most popular varieties. It is mentioned in Bolton’s Mauritius 
Almanack for 1854 as ‘a very fine species’, and Bouton places it, in 1863, 
third in order of merit after the two Cheribon canes Diard and Belouguet. 
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Penang is undoubtedly identical with the Salangore cane, which Wray 
described in 1848 as the finest cane in the world, presumably from its 
performance in the Straits Settlements. Under the name 'Teboe Portii, it 
was reintroduced from Java in 1869. 

Interest in the Penang cane in Mauritius is largely due to its successful 
use by Perromat, at the end of the nineteenth century, as a parent variety 
in seedling-production. Many of Perromat’s most famous seedling 
varieties were obtained from this cane, notably 33. P, 55. P, and 87. P. In 
later years the variety 55. P in particular was to be the parent of several 

varieties which are still cultivated to some extent to-day. Derivatives of 
the Penang cane are being used in breeding-work at the present time, 
and it is by no means improbable that the blood-line will persist in 
certain varieties of the future. 

‘Nobilization’ and the interspecific hybrid canes.—All that has been 
written above refers to the variety groups of the noble canes—members 
of the Linnaean species Saccharum officinarum. Of late years the culture 
of certain interspecific hybrid varieties involving the blood of other 
Saccharum species—notably Saccharum spontaneum—has become very 
popular. In many cane-growing regions such hybrids occupy most of 
the land under cultivation. 

The term ‘nobilization’ is a particularly happy one, denoting the im- 
provement of hardy, discase-resistant, but otherwise infe rior varieties by 
successive crossing and back- -crossing With the noble canes. It originated 
in Java, when the wild varieties Chunnee and Kassoer (a natural hybrid 
of Black Cheribon and Saccharum spontaneum) were found to be un- 
affected by the dreaded ‘sereh’ disease, and were used in sugar-cane 
breeding for the production of new resistant forms. 

The phenomenal success of the Javan seedling POJ. 2878 in many 
countries is an example of the way in which nobilization can be utilized in 
breeding-work. Nobilization schemes represent major projects in the 
hybridization work of most sugar-cane-breeding institutions at the pre- 
sent time, and a large proportion of the new varieties coming into com- 
mercial production contain the blood of species other than Saccharum 
officinarum. Nobilized varieties frequently retain the growth-vigour and 
disease- -re sista ince of the wild proge nitor, their rate > of —, is remark- 


qui slities that re wie T = be p: articul: ny ad eels to speci: al environments. 
On the other hand, they often show a tendency to a short vegetative- 
growth cycle, arrow to a greater or less extent, and sometimes give 
refractory juices. With continued back-crossing to noble varieties, how- 
ever, many of these disadvantages are being bred out, and certain of the 
varieties of the fifth nobilization are the equal of noble canes in most 
respects. The difficulty is, however, that at this stage certain of the 
drawbacks of the noble canes again appear, and it seems doubtful 
whether the required qualities of the wild ancestor will persist in the 
progeny beyond the fifth nobilization stage. 

Where conditions are favourable to varieties of a long vegetative- 
growth cycle—such as in Barbados, or the grande saison districts of 
Mauritius—it appears that the noble-cane types are still the best suited for 
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cultivation, unless mosaic disease is severe, or some other factor is oper- 
ating. It is known that satisfactory resistance to some diseases, e.g. gum- 
ming disease, can be obtained by the use of breeding- schemes inv olving 
crossing between the different variety groups within the noble canes, and 
it is thought that the extent of variability in many other respects has not 
yet been fully explored. The future policy in Mauritius a Guat be 
to continue and extend the breeding of noble canes, using the progeny 
test as an indicator of the breeding-value of parent varieties. At the same 
time, nobilization will be carried out in several distinct lines, with the 
object of breeding seedling-types for trial under particular conditions. 

Present trends in sugar-cane breeding.—The varieties which represent 
the breeding stock of the sugar-cane geneticist are, for the most part, 
complex polyploids and aneuploids. They are vegetatively propagated, 
and in the production of a new variety it is unnecessary to ‘fix’ any 
special character. In addition, most of the economically valuable 
features are of a quantitative kind, and little is known about their in- 
heritance in breeding. Consequently, sugar-cane-breeding has always 
been somewhat empirical, involving the production of large seedling 
populations which are subjected to a rigorous selection scheme covering 
several years. Research is at present aimed at reducing, as far as possible, 
the empirical nature of the work. 

Much information is now available on the different variety groups, not 
only within the noble canes but also in the other Saccharum species. 
Moreover, cytological investigations have corroborated many of the 
demarcations previously made on morphological grounds alone, and 
have also given a clue to the behaviour of varieties in interspecific 
crosses. In certain cases the type of progeny to be expected from a 
particular cross can be forecast with fair precision. The success of a 
breeding-programme depends upon the selection of parents of proven 
value. ‘The progeny test is now generally recognized as the most reliable 
means of evaluating the breeding potentialities of the parent varieties, 
and its use in raising the general standard of the first-year seedling 
populations cannot be overestimated. 

Much of the breeding and seedling-testing work is of a routine nature, 
but it is of the greatest importance that its plasticity should not be lost. 
It is necessary to produce varieties capable of giving good returns under 
a wide v ariety of environmental conditions, and it is likely that the future 
will see an increase in the number of varieties grown in any particular 
sugar-cane country, each bred for, and particularly adapted to, a rather 
narrow environmental range. Further, diseases at present restricted to 
certain countries may appear in regions at present free from them, and it 
is always possible that a change in the nature of a pathogen that is now of 
little economic significance may render it of increased virulence. It is 
only by envisaging such circumstances, and by being prepared to 
produce resistant varieties of good quality at short notice, that the 
sugar-cane breeder can play his part in reducing the likelihood of the 
reappearance of epidemics akin to those which have represented such 
unfortunate features in the history of sugar-cane culture. 

(Received Fune 15, 1940) 
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COMPOST-MAKING IN KENYA 
V. A. BECKLEY 
(Senior Agricultural Chemist, Kenya Colony) 


THE conversion of farm wastes into manure is a comparativ ely new 
practice in Kenya. After the last war there was a heavy influx of settlers 
into the country, very few of whom had the slightest experience of 
farming. Blessed with a well-distributed rainfall and cultivating —_ 
land, they obtained good crops and readily accepted the legend of ‘ 
tropical soil of inexhaustible fertility’. 

Fifteen years ago the pernicious system of clean cultivation of planta- 
tion crops was universally practised. Only the large reserves of humus 
yet in the soil prevented wholesale catastrophic erosion. Among the 
cereal growers single-crop farming was general: a man was described 
as a maize farmer or a wheat farmer. Since very little stock was main- 
tained on the farm, crop residues were burnt. 

As prices of agricultural commodities began to drop, the farming com- 
munity became aware that, in order to remain solvent, there must be 
some change in agricultural practice. Gradually there developed an 
appreciation of the underlying principles of good farming. In plantation 
crops, such as coffee, a system of controlled weed-growth, as a cover 
crop, was evolved, single-crop farming became less and less general, and 
the value of soil humus was realized. 

This development was not the work of a day, but was gradually 
attained by the efforts of all the members of the Agricultural Depart- 
ment and of the better farmers, so that to-day the farming practices of 
Kenya, as a whole, must be described as good. Among the developments 
was that of composting. 

The first experiments on composting were conducted with the pulp 
of the coffee cherry, the main waste product of coffee plantations. ‘This 
is a very wet residue containing about 75 per cent. water, 0-5 per cent. 
nitrogen, 1:25 per cent. potash, and a little phosphate. Mixed with dry 
or wilted grass and not compacted, decomposition proceeded rapidly 
and a good manure was produced in three months. Coffee pulp alone 
passed into a condition of silage; similarly, the heap of aera al and 
pulp was compacted; and in dumps of pulp several years old the hulls 
remained in a state of perfect preservation. Rebuilding loosely com- 
pacted heaps of mixed pulp and grass set decomposition going once 
more. This method of composting was adopted and is still practised 
by a number of coffee planters [1]. 

When it came to dealing with the residues of the cereal farms, matters 
were not so simple. The principle employed was that underlying the 
well-known Adco process. The crop residue, e.g. wheat straw—maize 
stalks were not then used—was built into a stack in layers of 6 g in. 
over each of which was scattered some cheap phosphate, such as ground 
rock phosphate, and each layer was well watered. When the stack was 
half-built a little sulphate of ammonia was also added. On completion 
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of the stack more sulphate of ammonia was added to give the proportion 
of 45 lb. sulphate of ammonia to the ton of dry waste, and finally the 
stack was again well watered. Within 24 hours decomposition had 
started, and the temperature began to rise. In a few days the stack 
would be covered with a plentiful crop of toadstools, and in the middle 
of the heap temperatures of 60°-70° C. were attained. Further waterings 
were given at three-weekly intervals. 

So far the progress of decomposition appeared most promising. After 
about four months, temperatures dropped very considerably, so it ap- 
peared that the major decomposition was complete. On opening the 
stack, however, a most heterogeneous mixture was found. Part of the 
material had rotted down to a dark powdery mass, part was dark brown, 
but still retained the original structure, and part was practically un- 
touched wheat straw. In short, a most disappointing product. 

In all these preliminary experiments, both on the mixture of coffee 
pulp and dried grass and on the wheat straw, the temperature of the 
stack rose rapidly to over 60° C. and was maintained there for an appre- 
ciable period. Further experiments, incidentally, demonstrated that the 
temperatures were sufficient to destroy larvae of insect pests and the 
spores of disease fungi. Also at no time were the stacks attractive to 
flies. In the one case a very good product was obtained, in the other, 
following the same technique, there was almost complete failure. 

The programme of experimentation was enlarged to include wastes 
derived from farms of various types. When wastes of divergent types 
were employed, decomposition was even and regular, but when wastes 
of the same type were composted it was uneven. At this time it was 
still essential to work on the single-type waste. .Careful examination of 
a very well-built stack, opened after a fortnight, revealed that the whole 
trouble was due to uneven wetting. The ‘surface of straws did not 
readily retain water, and when the temperature of the stack rose the 
little water retained was evaporated and so decomposition stopped. 
Where, in building the stack, the straw was more compressed more 
water was retained and decomposition proceeded towards the formation 
of a sticky colloidal material. Later waterings were shed by the dried 
straw but retained where decomposition was advanced. Thus part 
remained untouched and in other zones conditions for rapid breakdown 
were maintained. Another thing aggravating the shedding of water by 
the untouched straw was that during the first stage of decomposition 
parts became matted together by fungal mycelium. The mats of straw 
and dry mycelium acted as a thatch, div erting water to contiguous areas. 

On breaking up the matted masses it was found possible to obtain 
even wetting. After being wetted the fungus was again able to act 
rapidly. On this basis a technique was evolved in which straw was 
spread in a low stack and well watered, a little sulphate of ammonia 
being added towards the end of the watering. Light waterings were 
given at intervals of a few days. Under these conditions a rapid, uneven 
decomposition started. After a period of 2-3 weeks the final stack was 
built in layers as before, scattering ground rock phosphate over each 
layer, watering evenly, and using sulphate of ammonia towards the end. 
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Care was taken to break up all matted masses and to scatter them evenly 
over the surface of the layer being built. Decomposition was now fairly 
regular; no longer did masses of straw remain untouched; at the worst 
the partially decomposed straw broke up readily to a powder. ‘The pre- 
liminary decomposition had rendered the straw retentive of water. ‘The 
final product of this method varied from a loose, powdery material to, 
if over-watered towards the end, a black, sticky mass. 

It was now possible to advise farmers in the oreparation of a manure 
from the wastes of their farms. Descriptions of the method were given 
in lectures and in articles, but very few farmers attempted composting. 
Some few dabbled in it, others became enthusiastic and continued 
experimenting to adapt the technique to their own peculiar conditions. 
Although there were unfortunate occurrences, such as the firing of a 
stack containing hundreds of tons of waste products and specially grown 
crops, some of these enthusiasts have continued and to-day are turning 
out hundreds of tons of compost. 

So matters stood, a few farmers converting their farm wastes into 
manure to return to their fields, the rest apathetic, till the appearance 
of The Waste Products of Agr iculture [2]. ‘This book almost reached the 
status of a ‘best seller’ and a wave of enthusiasm started: farmers, 
planters, gardeners, all were talking ‘Indore compost’. Why there should 
have been this sudden change of attitude is inexplicable. Perhaps the 
early propaganda had paved the way, perhaps the very evident enthu- 
siasm of the author was inspiring, but, be the reason what it may, the 
farming community of Kenya owes a debt of gratitude to Sir Albert 
Howard. 

Many farmers began to prepare compost, following the details of 
Howard’s technique most meticulously. Not appreciating that there was 
a difference between the calcareous black cotton soils of Indore and the 
acidic red lateritic loams of the Kenya Highlands, they assiduously went 
out of their way to obtain the magical urine earth, even to the extent of 
cutting down the bedding in horse stables. Some composts brought in 
for examination were found to contain in the wet state 50-60 per cent. 
of soil and only 0-5-0-75 per cent. nitrogen; good red loam contains 
0°25-0°35 per cent. nitrogen. Others, fearing their soils could not bear 
the double burden of carrying coffee trees and the decomposition of the 
weed-cover, carefully had the weeds collected, carted to the central 
compost factory, there to be converted into manure. So carefully were 
some of these factories laid out that, in order to produce the desired 
urine earth, soil had to be carted to them. It is not surprising that some 
of the composts cost from 30s. to 40s. per ton to produce. 

Experiments were early started at the Scott Agricultural Laboratories 
to compare the Indore technique with that evolved here. ‘There is no 
doubt that the Indore method gave more rapid and regular decomposi- 
tion and the product was easier to apply. But there were difficulties; 
the water-supply needed for the proper application of the Indore method 
is expensive to instal, and there was doubt regarding its applicability 
to circumstances when one type of crop-residue and little or no dung 
were available. Experiments on the adaptation of the technique were 


3988-32 


‘. X 





314 V. A. BECKLEY 


instituted at out-stations and on farms. Owing to a large accumulation 
of garden rubbish, which could not be treated on the usual composting 
site in my garden, the technique of rain-water compost was worked out 
substantially the same as that described by Jackson, Wad, and Panse [3]. 

While enthusiasm was still high a bulletin [4] was issued incorporating 
the experience gained from these experiments, and this bulletin was 
placed in the hands of most farmers and planters. Both in it and in one 
issued later [5], it was emphasized that a single technique was not 
applicable in detail to all conditions, but that the underlying principles 
should be adapted to the circumstances. On these lines a great many 
farmers have proceeded and evolved methods adapted to the conditions 
on their own farms. 

It is now exceptional to see acid soil being used to absorb the urine 
of stock; instead, most of the wastes are employed as bedding. By this 
means not only are the wastes coated with dung and impregnated with 
urine, but they are crushed and opened to the action of bacteria; even 
such stout materials as maize stalks get broken. ‘That it is uneconomic 
to collect weeds from plantations of permanent crops for composting is 
fully realized. Above all, every farmer now appreciates that it is better 
and far more economic to have a lavish supply of a second-grade com- 
post, in which some of the more resistant materials may remain unde- 
composed, than a limited supply of a perfect but costly compost. It is 
not surprising that, as mixed farming becomes more and more general, 
the practice of composting farm wastes is spreading apace. One farmer, 
in a letter to the East African Standard, stated that in the years 1937- -8 
he produced between 1,300 and 1,500 tons of compost, which were 
applied to 130 acres of worn-out land at a total cost of 5s. 6d. per acre; 
the manured land yielded 10 bags of maize per acre, the unmanured 
4 only. 

One farmer on a large scale has combined his soil-conservation works 
with the production of compost. When he started producing compost 
the work was concentrated close to the milking-sheds, but it quickly 
became apparent that the carting of water and of wastes was soon to 
become prohibitive. This first year 300 tons were produced. The whole 
farm is being laid under graded broad-base terraces, and the surplus 
water from these is.conducted into deep dams dug with dam scoops. 
It is planned, eventually, to have these dams all over the farm at intervals 
of about 550 yards, thus reducing haulage. Alongside each dam is a 
cattle boma, in which the work oxen are confined for about 1o hours 
a day, and a composting yard. All wastes, such as maize stalks, maize 
cobs, straw, and weeds are hauled to the composting yards from con- 
tiguous fields. Napier grass, Pennisetum purpureum, grown for the pur- 
pose, is provided as fodder. 

The method of composting may be regarded as somewhat crude, but 
it does produce a serviceable compost at the low cost of less than 1s. 6d. 
per ton. The rough wastes are strewn over the cattle boma to a depth 
of 6 to 12 in., and the cattle break these down for a few days, when 
perhaps another layer is thrown down. The crushed material is carted 
to the composting yard and placed in 6-in. layers either in pits or stacks, 
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depending on whether it is the dry or wet season. Over each layer are 
scattered wood ashes, an insoluble phosphate, some of the earth below 
the bedding, together with a little compost from an earlier heap. Each 
layer is well watered. ‘The stack, when completed, is about 4 ft. high. 
Three turnings are given and-in 3-4 months the compost is ready for 
use. The routine of making and turning is ensured by numbering each 
heap, the details of the operations on which are recorded in a book by 
the native head-boy in charge [6]. ‘To- day between 1,000 and 2,000 tons 
are made yearly. ‘That this compost is worth making i is shown by the 
results of field experiments conducted with the manure. 


TABLE 1. Effect of Compost on Maize Yields 


| Yield in bags 


Treatment per acre Per cent. 
Ist year 
Control 13°3 Too 


3 tons per acre ‘ - | 16°6 } t27°9 
6 tons per acre. ; et 17°8 133°7 
84 tons per acre 18-9 142°1 
| 2nd year 
| (residual effect) 
Control 13°5 100 
3 tons per acre 13°38 102°6 
6 tons per acre | 15'0 I1I'4 
84 tons per acre | 16°7 123°8 


In the first year’s results all increases are significant, in the second 
only that for 8 tons [7]. 

This solution of the problem of the water-supply can be followed only 
where the terrain and soil are suitable. Most of the main coffee-growing 
areas of the Colony are dissected by small streams flowing in deep 
valleys. ‘The provision of a water-supply in the middle of the coffee 
plantation, where composting should be done to save transport, would 
be prohibitively expensive. ‘The problem has been solved in a novel 
manner by one coffee grower [8]. 

Usually coffee estates are devoted to the one crop and the only waste 
available is coffee pulp, a difficult material to compost alone. The 
natural grass in the main coffee areas is not a heavy producer, so the 
practice has arisen of planting up land, unsuitable for coffee, to Napier 
grass (Pennisetum purpureum). On the estate in question the natural 
moisture of the grass is utilized in composting. 

In order to save transport the Napier grass has been planted close to 
the coffee plantations. Alongside the field of grass is built a series of 
large pens to accommodate the working oxen by night. All the work of 
composting is arranged on a cycle. Starting at the bottom of the field, 
when the grass is about 6 ft. high, sufficient is cut and chopped into 
short lengths to provide a layer about 2 ft. thick in the lowest pen, and 
the oxen are bedded here by night. Six days later the cutting of the 
grass starts. A definite quantity of grass is cut, chopped into short 
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lengths, and stacked on the edge of the field. Next day it is carted to 
the edge of the coffee plantation, together with one-sixth of the soiled 
bedding, which is replaced with fresh-chopped grass, and a quantity of 
coffee pulp. Here a foundation of chopped Napier grass is laid to a depth 
of 15 in.; on this is spread a thin layer of soiled bedding, and one of 
coffee pulp followed by an 8-in. layer of chopped grass. The stack is 
then compacted by trampling. Further layers are added, trampling 
down the grass layer till the stack is completed, when it is once more 
compacted and then covered with a thick layer of coffee pulp. 

Every week-day a new stack is built. ‘The cycle is continued by 
moving the oxen to the next pen, provided with fresh bedding, 6 days 
before the grass-cutters reach a point midway between the two pens. 
Thus a supply of bedding is ensured that has been under cattle for at 
least 7 days. 

The stacks receive two turnings at intervals of 16 to 30 days, depend- 
ing on the weather; in very wet weather a third turning is given. At 
each turning a quantity of soiled bedding or of coffee pulp is incor- 

orated, and care is taken to turn all material on the outside of the heap 
into the inside of the new stack. 

The compaction of the heap reduces loss of water by evaporation, but 
there is sufficient aeration in most cases to ensure that silage does not 
develop. Temperatures of 65°—70° C. are usual in the heaps. The pro- 
duct may not be ideal, such as would be produced by following the 
details of the Indore process, but it is cheap. The total cost of preparing 
and spreading 5 tons of compost per acre in the coffee is only 5s. 8d. 
That the planter is satisfied with the results is shown by the fact tnat 
1,200 tons of compost are now produced annually and about 100 acres 
of land are under Napier grass. 

In complete contrast to the conservation of water in this last adapta- 
tion is the composting of sisal waste. In the preparation of sisal fibre 
only 2-4 per cent. of the weight of the leaf is recovered, the rest being 
comminuted. The waste consists of broken-up leaf-tissue and torn 
fibres. Normally the waste is carried off in flumes by a stream of water 
to be dumped in a ravine or on the banks of a river in the hopes that a flood 
will carry it off. The waste has a pH of about 3-5 and, since it consists 
of sodden wet tissue, it ensiles very readily and becomes a nuisance. 

Early experiments on the composting of sisal waste were unsuccessful 
mainly because of the dilettante manner in which the problem was 
attacked. When the wave of enthusiasm started, the subject was con- 
sidered seriously and a successful technique evolved. Several sisal 
estates are now converting the waste into compost. 

The solids are separated from the conveying water by discharging the 
flume upon an iron grid. The solid waste is raked from the grid to a 
slatted truck upon which it is allowed to drain. When liquid ceases to 
flow the waste is trucked to the composting site, where it is stacked on 
a foundation of spaced sisal poles. During stacking the material is 
inoculated with a little stuff from an actively fermenting stack. The 
open foundation allows excess water to drain off and aerates the bottom 
of the stack. To prevent compaction of the stacks none is built higher 
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than 2 ft. Fermentation is rapid and high temperatures are experienced. 
After about a month the first turn is given, two stacks are combined 
into one, sited behind the line of fresh stacks. 

At this stage there is a lot of unrotted fibre in the waste. During the 
second fermentation there is intense fungal activity and the stacks be- 
come covered with fructifications. After another month a second turn 
is given, two stacks being combined into one, again in a line behind the 
second. About a month later the process is complete. ‘The final product 
is a nearly-black, loose, coarse powder containing 1-5 per cent. nitrogen. 
No figures are av ailable for the cost, but it certainly will not be more 
than 2s. per ton [9]. 

Turning away from the utilization of farm wastes, one firm in Nairobi 
—The Express Transport Company—is converting town wastes into 
a valuable product. ‘The whole of the town wastes is not available and 
much of the organic matter used consists of coffee parchment, the peri- 
carp of the coffee bean, a most intractable-looking material. ‘This is 
mixed with waste from the abattoirs, dung from the stock yards, and 
bone-meal, in a large mixing-machine. From here it passes to the com- 
posting floors and passes through the normal Indore process. ‘The out- 
turn depends on the demand, mainly from the coffee plantations in the 
district; as much as 5,000 tons have been sold in a year, but the output 
could easily be doubled. 

One would not like to make an estimate of the amount of compost 
being produced and used in Kenya to-day. Not only are many of the 
farmers and planters making and using compost, but most keen gar- 
deners have given up their seasonal bonfires and, above all, a fair number 
of natives are using compost. It is difficult to change the methods of 
a conservative agricultural people; example can only be employed. In 
addition to the demonstration work of the Agricultural Department, 
labourers, returning to their homes from farms where composting is the 
practice, start using it on their own holdings; neighbours, at first de- 
risive, observe the results and so gradually the idea spreads. An interest- 
ing form of composting zm situ has been evolved by the Wanyamwezi, an 
advanced were ree people, which is gradually being adopte ‘d by some 
of the Kenya coastal tribes. When land is cleared, it is trenched, and 
into the trench is placed all the vegetation removed from the land, which 
is covered with soil, leaving the land in a series of flat-topped ridges and 
furrows. Decomposition is fairly rapid so that when the crops are 
planted there is no set-back. At harvest all residues are put into the 
furrow, the adjoining ridges split, and the soil drawn over the rubbish, 
forming a fresh series of - ridges and furrows. By this means the need 
to return the land to a rejuvenating bush-fallow is postponed for many 
years. 

After a long period of apathy followed by a wave of enthusiasm the 
European farmers of Kenya have settled down to a rational utilization 
of their agricultural wastes for the maintenance of soil fertility. That 
no single technique is applicable in its detail to all conditions is 
now fully appreciated and many adaptations have been made to meet 
the circumstances. Not only among the Europeans is the practice of 
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composting spreading but also among the native agricultural races. 
When these appreciate the need for extra fertilizers in addition to com- 
posts, a great deal of the necessity for bush-fallows, largely responsible 
for land-hunger, will disappear. 
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NOTE ON VENTILATION, TEMPERATURE, AND HUMIDITY 
IN PIGGERIES AND OTHER FARM BUILDINGS 


T. DEIGHTON 
(Institute of Animal Nutrition, Cambridge University) 


THE results and ideas here discussed were elaborated during an in- 
vestigation of conditions in the New Piggery at the University Farm, 
Cambridge, which was undertaken last autumn and continued during 
the coldest part of the winter of 1939-40. The piggery has been found 
somewhat cold in use, damp, and not of sufficiently equable temperature. 
Similar defects have not been unusual in piggeries erected on the 
Scandinavian plan elsewhere in Britain. 

Such troubles appear to arise mainly from the unjustifiable assump- 
tion that since Britain is so much milder than Scandinavia, it is un- 
necessary to pay much attention to heat conservation in designing these 
structures. That this is not so follows from the fact that whereas a 
difference of 12° F. should be maintained between outside and inside 
in average winter conditions here, the corresponding figure for Denmark 
is only 18° F. and that for Sweden 22° F. The disparity is smaller in 
severe weather. Now it is safe to say that the heat-retaining properties 
of a structure, such as the one mentioned, which is built with g-in. 
brick walls and has a lightly insulated roof, cannot exceed about one- 
quarter of those of a Swedish piggery with 18 in. of ash beneath the 
floor, 16-in. cavity-walls filled with ash and provided with air flues 
within their structure, and furnished with a loft, used for storage, with 
strong log floor whose seams are caulked with puddled clay. Conse- 
quently the chilly conditions are not to be wondered at. 

It seemed worth while examining whether the behaviour of the piggery 
could be predicted from the computations usually made when dealing 
with problems in air-conditioning, in which it is desired to know what 
capacity a heating and conditioning plant must possess in order to work 
satisfactorily. The problem in this case is the converse one, viz. given 
the building and the heating supplied (heat-production of the pigs), to 
deduce the conditions of temperature, humidity, &c., that will be 
attained inside it. 

The computations normally undertaken in a problem of this kind 
by heating and ventilating engineers, both in Britain and America, 
involve determinations of: (a) heat-loss by air-infiltration through cracks, 
which is dependent on wind force; (b) heat-transmission loss through 
the fabric of the structure; and (c) heat-gain from all sources within 
and without the structure. Details of these computations will be found 
in any good text-book on the subject (e.g. O. Faber and J. R. Kell, 
Heating and Air-Conditioning of Buildings, London, 1936). By them- 
selves these calculations were insufficient to account for the phenomena 
observed, and it was found necessary to consider two other sources 
of heat-loss. Since there is a ridge ventilator in our piggery, the pig- 
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house with the pigs inside acts to some extent like a squat chimney- 
stack, air coming in at the bottom, i.e. through low wall-apertures, and 
going out at the top continuously; moreover, owing to the great length 
of the building and to the particular conformation of the roof, there is 
almost always an inflow through the ridge of the roof at one end and an 
outflow at the other, also through the roof. The amount of these extra 
sources of heat-loss was calculated for the first effect by the method 
of Shaw [1], and approximately measured for the second by means of 
recording thermometers placed in the ridge-apertures at each end, and 
light rotating vanes to gauge the velocity of the air-currents under 
various conditions. When the account of heat-losses was corrected for 
these effects, which are large, an almost perfect agreement was found 
between the calculated and observed inside temperature under a great 
variety of conditions. 

In calculating the heat-transmission loss one must remember that 
for such a building the sub-floor temperature will certainly be below 
the figure of 50° F., usually assumed for domestic buildings in Britain, 
and that the metabolic rate of the pigs increases as the temperature falls. 

Since the external climatic conditions are the same for a domestic 
building or a piggery, and as the pigs do supply some heat continuously 
to the inside of the building, it appears likely that the sub-floor tempera- 
ture will approximate more to the British figure of 50° F. than to the 
American one, for the north-eastern States, of 32° F. Secondly, a 

careful examination of numerous data collected by K. C. B. Singh [2], 
working on this piggery when empty, appeared to show that 47° F. was 
about the proper figure to take, because when the outside temperaiure 
was around this point his observations show, on the average, a negligible 
difference between inside and outside temperatures. On the basis of 
experiments done in this laboratory [3], the temperature-coefficient of 
the theoretical basal metabolism was taken as —2-35 per cent. per 
degree Fahrenheit, and in other respects the latest data of Jespersen 
and Olsen [4], and of Breirem [5], were used in determining the level 
of metabolism. 

The closeness of the agreement between observed and calculated 
temperatures will be seen from the following examples; which are a 
random selection from about eighteen sets of observations available 
at temperatures from 52° F. to 18° F. outside the pig-house, with 
from 122 to 190 cwt. of pigs housed, and at wind velocities from zero to 
15 m.p.h. The agreement obtained is well represented by the random 
selection given. 

The experimental data available therefore indicate that the behaviour 
of pig-houses, and presumably of other farm buildings, is in no way 
pF me from that of human habitations, if only we take proper account 
of the particular ventilating system installed. Of perhaps greater impor- 
tance is the fact that, if this is so, the whole behaviour of a building 
can be worked out from the plans before ever it is erected, using factors 
which have stood the test of time both here and across the Atlantic. 
In the present case, it might have been prophesied in advance that the 
piggery would exhibit precisely those defects which are found in it. 
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The method should also be of use in judging the probable efficacy of 
ameliorative measures. 

As previously stated, the piggery was not only chilly but damp; 
which might have been expected, though the calculation is less certain 


Temperature in Piggery 
Conditions Actual Computed 


Monthly average observed by K. C. B. Singh in Nov. 
1938: wind, not observed, taken as 7} m.p.h.; pigs 
housed, 1564 cwt.; temp. of outside air, 49° F. (avg.) 56°3° F. gg-7 F. 
Single minimum observation made by the writer, Jan. 
1940: wind, dead calm; pigs housed, 159 cwt.; temp. 
of outside air, 19° F. : - : ; : 
Single minimum observation made by the writer, Jan. 
1940: wind, 5 m.p.h.; pigs housed, 122 cwt.; temp. 
of outside air, 19° F. : : ’ . P 
Single minimum observation made by the writer, Jan. 
1940: wind, 3 m.p.h.; pigs housed, 159 cwt.; temp. 
of outside air, 38° F. . ; ‘ ‘ . : 500° F. 50°5° F. 


400° F. 39°5° F. 


390° F. 7's" F. 


than that for temperature. We may, for example, select a particular 
relative humidity, say go per cent., and assume the interior to be at this 
humidity; if a balance is now struck between gains and losses of water- 
vapour it is easy to see whether the humidity will tend to rise above the 
go per cent. level or to fall below it. The greater uncertainty is due to 
the variability of the heat lost by the animal as latent heat. For the 
present purpose we have taken a figure of 30 per cent. of the heat- 
production of the pigs, which is nothing more than a rough average of 
proportions varying from 10 to 60 per cent.; but if the method should 
acquire importance in agriculture, the figure could be rendered much 
more precise and related to prevailing conditions by an analysis of 
data accumulated during upwards of ten years calorimetric work with 
pigs in this laboratory. 

The interior humidity of such buildings is determined mainly by 
wind velocity and external temperature, but also to a large extent by 
internal temperature, number and weight of pigs housed, the hygro- 
metric state of the external air, and the difference between the inside 
and outside temperatures. On the assumption made in the foregoing 
paragraph, computation shows that with all ventilators closed the pig- 
gery must always be on the damp side in winter. In general, where the 
only source of heat in such a building is that generated by animals, 
the air in it will always be damp unless the air-exchange is considerable 
or the external humidity remarkably low. 

The ventilation in a piggery of the type we are discussing will usually 
be sufficient even with all the ventilators shut. A calculation for the 
University Farm Piggery shows that after the lapse of 5 hours from the 
time of closing the doors and ventilators, the CO, will have reached 
its limiting value of 0-25 per cent. This is under conditions of minimum 
ventilation, i.e. calm weather, &c. It may be contended that 0-25 per 
cent. is, by many standards, an intolerably high figure. Various esti- 
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mates have been given of the toxic or, at least, the unhealthy concentra- 
tion of CO, in air, but all that is known with certainty is that 1 per cent." 
is the established concentration of CO, at which definite toxic symptoms 
begin to appear in laboratory experiments. The quarter of one per 
cent. CO, attained in the piggery corresponds to the 1,000 cu. ft. of 
air per hour per pig, which is usually considered necessary but may 
well be an overestimate. 

The director of the farm has expressed to the writer the wish that 
more equable temperature conditions could be maintained in winter, since 
a little cold may not matter if the temperature is fairly constant. Theo- 
retically, equability depends on a variety of factors, such as the heat- 
capacity of the building, wind velocity, &c. There is, however, one 
factor making for equability which is not obvious. Whenever a number 
of animals are ne ie in a building, however constructed (unless 
actually open to the air), the temperature of the enclosure will always 
be above that of its surroundings, the difference being considerably 
greater in winter than in summer, factors other than temperature being 
the same. There are three reasons for this: (a) as the temperature of 
the inside falls, the heat-production of the pigs rises; (b) the sub-floor 
temperature is more or less constant and so has an equalizing effect, 
cooling in warm weather and warming in cold; (c) in warmer weather 
the difference in absolute humidity for the same temperature-difference 
is greater and, consequently, so also is the latent-heat loss. 

In applying the above method it is essential that actual conditions 
be computed. This may seem obvious, but where some scheme of 
alteration has been decided on, and the rather laborious calculations 
been made, there is a temptation to assume that some slight change in 
the proposed plan cannot have more than a slight effect on the heat- 
conserving properties of the structure. Actually, it often happens that 
some slight change, such as the omission of an insulating layer at some 
apparently unimportant point, ‘opens the sluice gates’ of the heat-dam 
which has been built up. 
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1 The generally accepted figure. Founded on the work of J. S. Haldane and 
J. G. Priestley, ¥. Physiol. 32, 248, 1905. 
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THE INFLUENCE OF A MODERATE WORM-BURDEN ON 
THE GROWTH AND HEALTH OF LAMBS 
DAVID ROBERTSON 
(North of Scotland College of Agriculture) 
AND 
ALLAN H. H. FRASER 
(Rowett Research Institute, Bucksburn, Aberdeen) 
EARLIER observations on the flock of the Duthie Stock Farm had shown 
that a prime fat lamb may contain 3,000-4,000 stomach-worms (mainly 
Ostertagia). From this result it is clear that sheep stomach-worms in 
these numbers have no definite pathogenic effect on sheep. Neverthe- 
less, there still remained the question whether the lambs might not have 
thriven even better with a lower worm-infestation, or, in other words, 
whether even moderate worm-burdens may not have slight deleterious 
effects on the growth and health of lambs, which in summation over a 
whole flock may be of considerable economic importance. ‘To settle this 
question an experiment was carried out in the year 1938. 
The Experiment 

Forty lambs were taken from their dams at birth and reared by hand. 
Twenty of these were infested with repeated doses of a mixed infection of 
larval helminths obtained by the culture of sheep faeces. The remaining 
20 lambs were maintained worm-free throughout the experiment. ‘They 
received a coarsely filtered extract of the worm-culture at each dosing, 
in order to equalize the chances of intoxication and bacterial infection 
between the worm-infested and worm-free groups of lambs. Environ- 
mental conditions, including nutrition, were the same for both groups. 

The sole difference between the two groups of lambs was that one 
group was worm-infested, the other worm-free. Any difference ob- 
served in the health and growth of the two groups, therefore, can reason- 
ably be attributed to the effects of the worm-infestation established. 

Dosage and infestation Owing to difficulty in securing sufficiently 
heavy worm-culture, dosing was concentrated on 10 of the 20 infested 
lambs during the latter part of the experiment. These 10 lambs developed 
a proportionately heavier infestation. The details of dosing and infesta- 
tion are shown in the Appendix. 

Duration.—The experiment lasted 147 days. ‘The lambs were between 
2 and 4 weeks of age when first dosed. 

Worm-counts.—The lambs were slaughtered at the end of the experi- 
ment and worm-counts made. The control group was found to be worm- 
free. The worm-infestation reached a maximum of over 4,000 in one 
lamb. The average figure was 1,840. The number of worms found in 
the gut was 2-9 per cent. of the number dosed. 


Results 
One group of lambs (worm-free) contained no worms. The other 
group (infested) contained an average of 1,840 worms. In spite of the 








324 DAVID ROBERTSON AND ALLAN H. H. FRASER 


lightness of this infestation there were certain significant differences 
between the two groups: 
1. Diarrhoea (scouring) was noted in 13 of the infested group, in only 
one of the worm-free group. 
2. Fatness (handling): At the end of the experiment, 8 in the worm- 
free group were judged to be fat. None in the infested group was 
fat. 
. Live-weight increase (147-day period). The average figure for the 
worm-free group was 61-93 lb., for the infested group 58-33 lb. 
Dead weight of carcasses: The average figure for the worm-free 
group was 32:20 lb., for the infested group 29-67 lb. 
Haemoglobin percentage of blood (Haldane method): The average 
figure for the worm-free group was 86-13, for the infested group 
80-40. 


wn >: WW 


Statistical Analysis of Data 
by Dr. 7. F. Tocher 
The data consisted of the items(3), (4), (5) above and the percentage dead to live weight. 





Non-infested Infested Odds against their 
group mean | group mean | belonging to same group 
ine Bie ll 





Character 


Live-weight increase 147 | 
| 


| 

days period in lb. 61°93 58°33 | 1°64 1 in 20 approx. 
Dead weight of carcasses in | 

lb. , P : : gna0" | 29°67¢ | 1°99 I in 40 approx. 
Percentage dead to live 

weight . : : =i 43°40 42°40 1°27. I in 10 approx. 
Haemoglobin per cent. of | 

blood (Haldane) . ; 86°13 80°40 2°79 +1 in 385 approx. 

* Range 27-384 lb. t+ Range 163-34 lb. 


To explain the statistical meaning of significance: What the statistician 
does is to consider whether the two sets of observations could have the 
values actually found if, in fact, the two sets came from the same 
population; in this case whether the results could all have come from the 
non-infested group. The odds given show the odds against the results of 
observations coming from a non-infested group. If the odds are high 
against the results belonging to a non-infested group, then it is clear that 
there is a significant difference between the data from the two groups. 
That is to say, there is a significantly greater live-weight increase among 
the non-infested group when compared with the live-weight increase 
among the infested group. 

It is usual to take the limit of significance at 1 in 20, although 
it must be borne in mind that this is an optional figure. Assuming 1 in 
20 to be significant, we find that the non-infested group show a 
significantly greater ‘live-weight increase’ in the 147-day period over the 
infested group; the significance is more clearly marked between the two 
groups when the ‘dead weights of carcasses’ are compared. Here the 
chance against the two groups being the same is 1 in 40. The difference 
for the two groups of the ‘haemoglobin percentage of blood’ (Haldane) is 
very marked indeed. 
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Conclusion 


Owing to the difficulty of securing sufficiently massive cultures, the 
worm-infestation established was less than was desired. Nevertheless, 
the results of the experiment show that a mixed worm-burden of about 
2,000 worms results in scouring and loss of condition, slight anaemia, and 
probably in decreased live weight and carcass weight in comparison 
with worm-free controls kept under the same env ironmental conditions. 


APPENDIX 
Worm-counts 
Abomasum Small intestine Large No. of 
No. of intestine larvae | Percentage 
lamb Hae. Ost. sp. | Trichos. sp. | Cooperia sp. | Chabertia Total dosed | established 
9 240 600 2,360 40 nil 3,240 &g,500 6 
28 560 1,000 1,200 160 2 2,922 72,150 4°0 
35 240 200 400 40 45° 925 21,400 4°3 
23 240 680 1,600 560 nil 3,080 90,850 3°6 
10 160 920 1,560 400 = 3,040 89,500 3°4 
43 nil 26 480 40 . 546 20,900 26 
21 160 360 1,120 40 os 1,680 %g,500 1h 
3 26 80 120 80 me 306 21,400 1°4 
280 1,200 1,040 40 ‘i 2,560 89,500 2°38 
32 80 440 840 120 - 1,480 &y,500 16 
31 640 1,000 1,040 40 - 2,720 go, 859 2% 
14 200 80 320 80 ee 680 21,400 a 
17 480 560 2,640 440 pa 4,320 go,850 4°7 
41 40 160 240 nil ee 440 20,y0o 2"1 
33 200 240 120 80 bo 740 21,400 3°4 
26 560 720 1,000 80 — 2,360 72,150 3°2 
39 40 nil 160 40 12 242 21,400 ik 
Average 
2°9'/o 


* Infested portion of intestine thickened and the mucosa showing congestion and haemorrhage. 
N.B. Three lambs died during the experiment. 


(Received Fune 26, 1940) 








THE PRESENT POSITION OF POULTRY RESEARCH 
M. S. PEASE 
(Animal Nutrition Research Institute, Cambridge University) 


It has not often fallen to the hen to lead the way in human progress; but 
in re-establishing international good will after the last war, poultry was 
one of the first in the field. Thanks to the initiative of the late Sir 
Edward Brown, the first gathering of poultry breeders from all over the 
world was held in London in 1919, and two years later saw the first 
World’s Poultry Congress at The Hague. Since then, every three years, 
and on an increasingly grandiose scale, international poultry congresses 
have been held, the last and most imposing being at Cleveland, U.S.A., 
a few weeks before the outbreak of the present war. 

The report of the proceedings of this Congress! covers a wide field. 
Many of the papers are concerned with the more immediate practical 
aspects of marketing and management; the scientific contributions are 
remarkable for their number, and for the relatively high standard of 
thoroughness which they attain. Problems of growth and nutrition, 
reproduction and heredity, hormones and vitamins, are being success- 
fully attacked over a wide front and from many different angles. It is 
true that no outstanding advance is recorded in any of the papers in this 
volume; but in comparing this report with those of the previous Poultry 
Conferences, one is struck by the increasing caution and discrimination 
in interpreting experimental data shown by contributors to this volume. 
This arises almost certainly from the impact of the new statistics on 
experimental workers all over the world. 

For many years past poultry research in Germany has been directed 
almost entirely to making the hen play its part in the German war 
economy. This was obvious at the World’s Poultry Congress in Leipzig 
in 1936; and the same theme runs through the German contributions to 
the present volume, viz. the need for making poultry keepers in Germany 
independent of overseas foods, or indeed of any feeding-stuffs which 
could be more usefully fed directly to the human subject. The work is 
interesting and important to both sides in this war; but no new principle 
of nutrition has emerged from this directed effort. 

Professor R. C. Punnett, in a masterly address on the Contribution of 
Genetics to the Poultry Industry, had much to say of great interest to all 
workers in applied science, including the point of principle whether the 
research institutes which have lately been set up in this country to con- 
duct research on specific objects, e.g. wool, cotton, poultry, and dairying, 
might not get better results by distributing such research by subjects. 
Poultry genetics is a matter more for the geneticist than for the poultry- 
man. May not the same be true of other matters? For instance, would it 
not be better to take problems of dairy bacteriology to the bacteriologist 
rather than to an institute concerned with milk only? Or should we not 


* Report of the Seventh World’s Poultry Congress and Exposition, Cleveland, U.S.A., 
1939, 551 pp., no price, 
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be more likely to get results by taking the problem of neoplasms in 
poultry to those who have made cancer their life work, rather than to a 
poultry institute ? 

There is one problem of outstanding interest and importance in con- 
nexion with poultry—the problem of mortality. The facts are well 
known. In the last decade the adult death-rate of poultry has increased 
fivefold. We have the figures from the egg-laying trials, and these refer 
to selected birds kept under ideal conditions. The Congress report 
before us shows that this state of affairs is world wide. Wherever poultry 
statistics are available, the same melancholy story emerges. Specific 
diseases, such as fowl pox and bacillary white diarrhoea, have been 
diagnosed and countered by appropriate methods. These diseases do not 
enter into the figures of poultry mortality. Practically the whole of this 
huge mortality is unaccounted for by any specific disease. What is 

vaguely called fowl paralysis accounts for much of it. But fowl paralysis 
is in itself a baffling problem, and so far has vielded very little to research. 
It is not a very hopeful reflection that poultry science has so far entirely 
failed to find any expl anation of this world-wide ‘degeneration’ of poultry 
stocks. Possibly this has been the outcome of the policy of insulation 
poultry problems for poultry scientists. Is it not perhaps time that the 
experts in population problems were made aware of this interesting 
phenomenon 

Closely following the World’s Poultry Congress came the Seventh 
Internati mal Genetical Congress, held last yearin Edinburgh. A report of 
the pee-sagn ings | of Section D of this Congress' leaves the clear impression 








that only in poultry husbandry has Mendelism modified practice. Sex- 
alee has shown breeders how to sex chicks at hatching, and to-day 
millions of sex-linked chicks are lst every year in Britain and 
America as a matter of course. More recently R. A. Fisher’s notion 
of domin ers has been sonled to bk nthesize new pure breeds 
Or poultn he sexes can 1 be dis ished at hatching by the 
markings These nev Connie re breeds are quickly finding 
their tot dustry 

\ e session was devoted to poultry genetics at the Congr t 
most interesting pat ,er DEINE, t t bv I B. H tt, of ( ITT Ur rsit 
He discussed critically the interesting general question of the relation of 
external breed characteristics to physiolog traits. His gener n- 
clusion for poultry is that certain physiologic racterist r 2 
associat 1 the ‘breeds’ k to be of Asiatic orig thers in t 
breeds’ of Mediterranean origin, thus confirming t the poly- 
phvletic origin ft mesticated hen. To Hutt also the Conger 
languag . r present kr n poultry. | evar 
has been recently brought up reproduced in t “ING 
¢ Heredity for a mment al 
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encouraging picture for the applied Mendelist; but Professor Punnett 
provides a consoling thought in his address already mentioned: 


Man does not live by eggs alone. Unless he can take an intelligent interest in his 
work, that work degenerates into drudgery. It is here, in my opinion, that genetics 
can render its highest service. We live in a world at the mercy of advertisement and 
propaganda. To defend ourselves we have but one weapon—ascertained truth. It is 
with that weapon that genetics provides us. And when I speak of genetics I do not 
mean merely the corpus of facts set out in journals and text-books. I am thinking 
more of the attitude of mind that has led to its accumulation—of the critical spirit 
that takes nothing on trust, but is for ever sifting and testing, separating the false 
from the true. If only for the sake of appreciating that spirit, the story of genetics is 
worth following by all. 


(Received Fuly 1, 1940) 











~~ Va eV OelCUL 


al 





_ 


XUM 


INDEX 


Africa, produce buying in, 280-8. 
Andrews, F. W., control of nut grass in the 
Sudan Gezira, 214-22. 


Barley, malting, cultivation of, in England, 
65-79; grading of samples, 65-7, 67-9; 
influence of: lodging, 77-8; manuring, 
70-2; previous crop, 74-6; season, 67; 
soil, 69-70; time of sowing, 72-4; variety 
of seed, 70; weather at harvest, 76-7. 

Beckley, V. A., compost-making in Kenya, 
311-18. 

Bidner, N., see Ravikovith, S. 

Bisschop, J. H. R., studies 
indigenous and exogenous cattle in the 
semi-arid regions of the Union of 5S. 
Africa, 138-47. 

Brenchley, W. E., the weed problem in non- 
rotational wheat-growing, 126-37. 


bionomic on 


Campbell, J. T., see Ward, A. H. 

Cattle, beef, records of performance for, 
259-63; methods of assessing market 
grade, 260-2; suggested procedure, 262-3. 

— breeding of, in Tanganyika Territory, 11 
22; crossing of Zebu cows with imported 
bulls: Afrikander, 14; Ayrshire, 15-16; 
Friesian, 14-15; Krishna Valley, 14; 
Shorthorn, 14; degeneration of imported 


herds in tropics, 12-13, 14 sqq.; indi- 
genous herds, 11-13; influence of en- 


vironment, 12, 13, 16; of heredity, 13, 19 
20; of temperature, 17-19; selection and 
breeding from indigenous stock, 13, 20~1. 


iation of, in New Zealand, 





249-58; herd-recording, 249-50; methods 
of compiling and issuing sire-surveys 





\i-arid 
regions of South Africa, 138-47; bionomic 
experiments at Armoedsvlakte, 135-9; 
conditions at Armoedsvlakte, 139-411; 








tn high temr mar r higt 
S , = 4 a 4 ~ 
- 4 a9 
method af aseaving genet Serence r 
a 2534 Zz ; 








climates, 190-8; experimental animals and 
conditions, 
urine, 


191-2; N-concentration in 

194-5; 
from skin, 194; rectal temperatures, 195 
7s respiratory rate, 193; water in faeces, 
195. 

Ceylon, experiments on tea in, 269~79. 
Christidis, B. G., viability of cotton seed as 
affected by its moisture-content, 148-58 
Clover, effects of soil salinity on, in Yezreel 

Valley, 207~—14. 


rate of water-vaporization 


in Kikuyu-grass pasture, Kenya, 102 sqq 
Compost-making in Kenya, 311-18; Adco 
process, 311-12; cereal residues, 311 
314-15; 
coffee parchment, 317; 


» 312, 


coffee-cherry pulp, 311, 315-16 


composting in silu, 
317; Indore process, 313-14, 317; large 
scale practices, 314-17; Napier yrass, 314, 
315-16; sisal waste, 316-17; town wastes 
317; water-supply wetting, 
313-14, 315; weeds, 313, 314 

Cotton industry, 
281-4. 

Cotton 


and 412, 


control of, in Uganda, 
viability of 
moisture-content, 148 
149, 154¢ 
155, 157 


seed, , as affected by 
5%; effect of drying 
4; of 
field « 


yerminability, 149, 151 qq 


temperature, after 


xperiments, 


jtorape 


drying, 150, a 


155, 156-7; 
rate of moisture-loss, 151, 155 
Crowther, E. M., see Haines, W. B 








Davies, Wm., winter foraye in iritain 
possible use of Pampas and ‘Tussac grasses 
289-94. 

De Vries, O., determination of the potash 
requirement of soils, 295-300 

Deighton, T., ventilation, ternperature and 
humidity in piggeries and other farm 
buildings, 319-22 

Design, modern experimental, and ita func 
tion in plant selection, 223-430; advanitaye 
of using many varicties in field trials, 223; 

ification of desigr 224 ttice 
de ms, 224-9 

Disease plant, due to mminor-clernent 
deficiencies, 45-96, 199-20%. Boron: browr 
heart (raan) of swedes. turr Ay -Yo 
Drown potting of pricot jz; Cracked 
stern of celery, gt; heart rot of celery, gt 
and of sugar-beet, %9; imterr cork of 

G1; topzckte of totvacce 4Yy, 
die-back (exantherr n ctru 
149, 200; reclarnation dixeas. Aj, VLD 
Diagnosis of deficiency d os, 46-5 
Manganeve: g2-3, grey wpeck of oats, 92 
8- marsh spot of peas, 87, 94-5; Pat 








330° 


blight of sugar-cane, 93; speckled yellows 
of mangold and sugar-beet, 93. Zinc: 
bronzing of tung-oil trees, 204-5; little 
leaf (rosetting) of fruit trees, 202; mottle 
leaf of citrus, 204; white bud of maize, 
202-3. 

Donald, H. P., breeding policy in relation to 
performance-testing of pigs, 185-9. 

Eden, T., studies in the yield of tea. IV. 
Effect of cultivation and weeds on crop 
growth, 269~-79. 

Edwards, D. C., reaction of Kikuyu-grass 
herbage to management, 101-10. 


Falcon, Prudencio R., see Manresa, M. 

Farming, primitive (Mumuye), in N. 
Nigeria, 51-5; break-up of tribal life, 55; 
crops and stock, 52-3; cultivations and 
harvesting, 54; farming guilds, 53; land 
tenure, 51-2; manuring, 53; soil erosion, 
53; tribal cults, 53-4. 

Feeding-stuffs, Britain’s supplies of, 231-48; 
allocation of, to live stock, 240~3; changes 
in live-stock population, 235, 236; choice 
of supplies in war-time, 237-40; food- 
requirements of live stock, 232, 245; im- 
ported animal products, 247, 248; plough- 
ing-up campaign, 239-40; pre-War im- 
ports of feeding-stuffs, 232-7, 245, 246, 
247; pre-War supplies, 231-2, 244. 

‘inney, D. J., the Little Hoos Field experi- 
ment on the residual 
manures, I11~25. 

‘orage crops, new, for Palestine, 1-5; cow- 
pea, 3; field-pea, 2; horse-bean, 2; 
Jerusalem artichoke, 4—5; Lathyrus ochrus, 
2; Pencillarea, 4; pumpkin, 4; Sudan 
grass, 5; sunflower, 4; sweet lupin, 2-3; 
teff grass, 3-4; Vicia fulgens, 3; ‘wonder 
forage’, 4. 

Forage, winter, in Britain, 289-95; methods 
of conserving summer-grown fodder, 289 
go; possible use of pampas grass, 290-2; 
of tussac grass, 292-3. 


values of certain 


Fraser, A. H. H., see Robertson, D. 
French, M. H., cattle-breeding in Tan- 
ganyika ‘Territory and some _ develop- 


mental problems relating thereto, 11-22. 


Garner, H. V., cultivation of malting barley 
in England, 65-79. 

Gomez, Francisco, see Manresa, M. 

Grass, methods of conserving, 288-9; 
‘foggaging’, 288—9; in situ, 290; silage, 288. 

— products, shortage of supplies in winter in 
Britain, 232. 

Ground-nut industry in N. Nigeria, econo- 
mic aspects of, 39-50; exports, 39, 40; 





INDEX 


markets and marketing, 44-6; prices, 42- 
3; producing areas, 39-40; production and 
factors affecting, 40~4; State aids, 49-50; 
transport, 44, 46-9. 


Haines, W. 
results on young 
Malaya, 169-84. 

Hammond, John, see McMeekan, C. P. 

Herd-recording in New Zealand, 349-50. 

Hurvitz, S., new forage crops for Palestine, 
1-5. 


B., manuring Hevea, Pt. III, 
buddings in British 


India, varieties of potato grown in, 80~—4. 


Kenya, compost-making in, 311-18. 

— Kikuyu-grass pasture in, 1o1—10. 

Kikuyu-grass pasture, reaction of, to manage- 
ment, 101-10; composition after grazing, 
104; after regular cutting, 105-6; before 


grazing, 103; experimental procedure, 
101-3. 
Lambs, influence of a moderate worm- 


burden on the growth and health of, 323- 
5; experimental details, 323; symptoms 
and results of infestation, 324-5. 

Liversage, V., control of produce buying in 
Africa, 280-8. 


Ma, Ruh-hwa, and Kao, Lih-ming, a 
factorial experiment on rice culture, 23-33. 

McMeekan, C. P., relation of environmental 
conditions to breeding and selection for 
commercial types in pigs, 6-10. 

Malaya, manurial experiments on Hevea, 
169-84. 

Manresa, Miguel, influence of atmospheric 
temperature upon haemoglobin and other 
constituents of the blood of cattle, 97- 
100. 

Manures, experiment on residual values of, 


111-25; experimental details, 111-12; 
manuring, 113-15; nitrogen in crops, 
123-4; phosphorus in crops, 124-5; 


yields on control plots, 115—17, on manured 
plots, 117-23. 

Mauritius, sugar-cane varieties in, 301-10. 

Meat animals, records of performance for, 
259-68; beef cattle, 259-63; pigs, 266-7; 
sheep, 263-5; utilization of recorded data, 
267-8. 

Minor elements, deficiencies of, in agri- 
cultural and horticultural crops, 85-96, 
199-206; boron, 88-92; copper, 199-202; 
manganese, 92-5; molybdenum, 205; 
zinc, 202-5. 

Moorland, reclamation experiments in Scot- 
land, 56-64; early work, 56-7; nature and 


XUM 








h 


n- 


ns 


33. 
tal 
for 


ea, 
ric 


rer 
7 








a 


XUM 


INDEX 


composition of Scirpus and Eriophorum 
peats, 59-60; work in Lanark, 
58-60, in Lewis, 59-60; reclamation 
costs, 63, cropping, 62-3, cultivations, 
61-2, drainage, 60-1, liming, 61, manuring, 
61. 


recent 


New South Wales, wool-production in, 34-8. 

New Zealand, evaluation of dairy sires in, 
249-58. 

Nichols, J. 
Merino stock for wool-production under 
pastoral conditions, 34-8. 

Nigeria, Northern, ground-nut industry of, 
39-50. 

primitive farming in, 51-5. 

Nut grass, control of, in the Sudan Gezira, 
215-22; the 215; 
habitat, &c., of nut grass, 
215,216~—17; treatment and results, 218-21. 


E., some aspects of selection of 


climate of Gezira, 


root-system, 


Ogg, W. G., the reclamation of moorland, 
Pt. II, reclamation experiments in Scot- 
land, 56-64. 


Pal, B. P., varieties of potatoes grown in 
India, 80~4. 

Palestine, new forage crops for, 1-5. 
, Yezreel Valley, soil salinity in, 207-14. 

Pampas grass, 290-2. 

Pease, M. S., present position of poultry 
research, 326-8. 

Peat-land in Scotland, reclamation of, 56-64. 

Peats, composition of moorland, 59. 


Performance records for meat animals, 
259-68. 
Philippines, non-adaptability of imported 


pure-bred cattle in, 97~100. 

Piggeries and other farm buildings, micro- 
climate of, 319-22; computation of heat 
losses and gains, 319-20; humidity, 321; 
temperature, 320-1, 322; ventilation, 321-2. 

Pig husbandry, co-ordinated experiments in, 
159-67; data recorded, 160; experimental 
programme, 166-7; layout of experiments, 
161; results, analysis of, 161-6. 

Pigs, breeding policy in relation to perform- 
ance-testing, 185-9; pedigrees of Large 
Whites in breeders’ sale catalogues, 185; 
proportion of not home- 
bred, 186-8. 
records of performance for, 266-7; sug- 
gested procedure, 266-7. 
relation of 


home-bred to 


environmental conditions to 


breeding and selection for commercial 
types of, 6-10; bacon and lard types, 
6 sqq.; effects of differential feeding, 7, 


9; experimental method, 7, 8; importance 
of genetic selection, 9. 





331 


Piper, C. S., symptoms and diagnosis of 
minor-element deficiencies in agricultural 
and _ horticultural Pt. I, 85-96; 
Pt. Il, 199-206. 

Plant selection, 
perimental. 
Potash requirement of soils, comparison of 
methods of determining, 295-300; ex- 
perimental data, 295-6; results, 296-300. 

Potato varieties grown in India, 80~4. 

Poultry, present position of research in, 
326-8; disease and mortality, 327; in- 
fluence of genctical research, 327-8; of 
statistical research, 326; organization of 
research in general, 326-7; research in 
Germany, 326. 

Produce buying in Africa, 280-8 ; advantages 
of control, 280-1; is monopoly control 
desirable? 280; marginal 
monopoly control in Uganda, 
official price-fixing, 286-8. 


crops. 


see Design, modern ex- 


costs, 


284-6; 
281-4; 


Ravikovitch, S., effects of soil salinity on 
clover in the Yezreel Valley, 207~14. 

Reyes, N. C., see Manresa, M. 

Rhoad, A. O., a method of assaying genetic 
differences in the adaptability of cattle to 
tropical and subtropical climates, 190-8. 

Rice, a factorial experiment on, 23-33; 
design and layout, 23-4, 25; empty 
panicles, 25, 27-9; interactions, 24, 27, 
30-1; yield effects of spacing, 22, 24, 29; 
time of heading, 25, 29-31; transplanting 
age, 24, 25 sqq.; varicties, 24, 26 sqq. 

Robertson, D., influence of a moderate 
worm burden on the growth and health 
of lambs, 323-5. 

Robertson, lan M., see Ogg, W. G. 

Rubber (Hevea), results of manuring young 
buddings of, 169-84; experimental tech- 
nique, 169-72; fertilizer effects on growth 
of immature trees, 172-6, 177, on mature 
trees, 176, 177-8; replanting experiment, 
182; various 
181~3; yield effects, 178 sqq. 

Russell, E. R., primitive farming in Nigeria: 
the Mumuye tribe, 51~5. 


responses to phosphates, 


Sheep, records of performance for, 263-5; 
Christgau’s 263-4; 
procedure, 264-5. 

— selection of Merino, for wool-production, 
34-8. 

Shorruck, R. W., co-ordinated experiments 
in pig husbandry, 159-67 

Soil cultivations; among Mumuye tribe, 54. 

effect of, on weed populations, 


method, sugyested 


34- 
— — for control of nut grass, 217-21 


/ 


127 








Soil cultivations; on reclaimed moorland, 
61-2. 

— — on tea soil, 269-77. 

Soils, potash requirement of, 295-300. 

— saline clover, in Yezreel Valley, Palestine, 
207-14; chlorides and total salts in, 208-9; 
constituents of clover grown on, 209-10; 
ditto. on soil in Jordan valley, 210-11; 
movement of salts due to irrigation, 
211-14. 

Stevenson, G. C., sugar-cane varieties in 
Mauritius, 301-10. 

Sudan (Anglo-Egyptian), control of nut 
grass in the Gezira, 215-22. 

Sugar-cane, varieties of, in Mauritius, 301— 
10; early history, 303-4; Cheribon cane, 
305-8; interspecific hybrid canes, 309; 
noble canes, 302 sqq.; Otaheite cane, 
304-5; Penang (Salangore) cane, 308-9; 
present breeding trends, 310; Tanna cane, 
308. 


Tanganyika Territory, cattle-breeding in, 
11-22. 

Tea, effect of cultivation and weeds on crop 
growth, 269-79; effect of bulk manure on 
yields, 277-8; of clean weeding on soil 
conservation, 278-9; effects of cultivation 
and weeds on crop yields, 276~7; on root- 
distribution, 274-6; on soil resistance, 
271-4; scheme of investigation, 270-1. 

Turner, R., some economic aspects of the 
ground-nut industry of Northern Nigeria, 
39-50. 

Tussac grass, 292-3. 








332 INDEX 


Uganda, monopoly control of cotton industry 
in, 281-4. 

Union of S. Africa, indigenous and exogenous 
cattle in, 138-47. 


Van Itallie, Th. B., see O. de Vries. 


Ward, A. H., evaluation of dairy sires in 
New Zealand, 249-58. 

Weeds, in tea soil, 269 sqq. 

—on Broadbalk continuous-wheat field, 
Rothamsted, 126-37; effects of cultivations, 
fallowing, 127-34, and manuring, 135-6; 
germination periods, 128; numbers of 
viable buried seeds, 129, 131; recoloniza- 
tion, 132-4. 

— use of, in compost-making, 313, 314. 

Weil, J. W., see Garner, H. V. 

Winters, L. M., records of performance for 
meat animals, 259-68. 

Wool-production, selecting Merino stock for, 
in Australia, 34-8; fleece-weights in New 
South Wales, 34-6; limitations to genetic 
improvement, 37; stud flocks in W. 
Australia, 36. 

Wright, Norman C., Britain’s supplies of 
feeding-stuffs, 231-48. 


Yates, F., modern experimental design and 
its function in plant selection, 223-3°. 


Zebu, short-horned, use of, for cross- 
breeding in Tanganyika, 12 sqq. 
Zialcita, Lorenzo P., see Manresa, M. * 


a 
< 


BS 7 
" 





A NE 














